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 ^ 9#3Li tli« taste ppodteidtt v«3*o proceed «« tvom glue### 
Imt in peXntiveX  ^diff«reiit propoptiona* fli« of 
3JMitio fuaA aeetie «ei4« wtfre «mftlXer whilA the Aidohel 
p]*«4ae#& frma niAKmitol Ptpimaeated ftl}eut two time* at of 
tlie f«]?aMmt*d darbon m that resulting trm tbe f«i>i@iiitfttioii of 
fludo«e« $0 explain tlie double produetion of etb l^ aloohol 
fr«ts saannitol as e<»a^uNid with gluod i^Sf Harden postulated a 
direet relationship betveen aloohol produetion and 
C^(OB)OS(OH} groups* fhust S3.iie0se having only one sueh group 
gives rise to only one half as smeh aloohol as laannitol with 
two of these groupings* fhe results  ^Eard«a believed  ^ indisated 
that two aioleoules of the sasboi^ Fdrate were involved siiaultaneoas** 
ly, in suti^  a aumner sMef reaotion for i&im fesfiMiatation 
of glneose e l^d be represented by the equation! 
«e«%»Oe + fi,0 « 8Gg8eO, • C,H^O, • C,S«0 + aCOs • 
Obviously  ^ in the light of present day theories of femientation  ^
the larger quantities of aleohol frota isannitol would be sacplained 
on the htmXtt of the greater amount of hydrogi^  available for 
reduotion of the inteamediate precursor of ethyl aloohol, pro* 
bably aoetald«hyde« 
Before disoontinuing oonsideration of Eard«k*s re^rt^  
it BMqr he desirable to eics«ine a few of the tnantitative results* 
Xn tshle I tim results of J four of the reported analysis have 
be«a ealoulated and tabulated as adllimols of produots per 
100 gn« of earbohydrate fermented* 
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•ISm •^Atloa M p3?opef^  by B«M«n 4mmaAB thM out 
m^n i*e»« fo^e aeld ipd diosidt bt 
Ifi to th» sm of aootio aMA and otlny}. ftld<^o3.« A 
f9 '^AXttalQ&tion of W» dfttA 1 ahma tiuit oiiXy by 
%h# ftPifit&tiition of igftimitol !• tM« eqtimlity i^ ^px*oximat«S« ?h» 
tmriatioas in tli# ot^ zHi mP9 Xftrgo mA rm»t bo ««13. o t^inii^  tbo 
iixidts of «K|H[iPimflint«3. oztop* 
So oatpliiimliion baa boos p^posod  ^ ox> aXXowaoioo made for 
th« foxmtioa of auooinlo aold« 
A soeoiid pablioatlon by Et^ dOQ (2S0&} popovta tba aiMXyala 
of tlia fomentation of gluooso by a number of atipains of  ^oolon 
gyonn of faooa3. ojpigln aa woll aa from wator  ^ fho moat l^ ptant 
roauXt of this investigation waa finding that  ^
4®ESiS^E •'•^pon^afs typo prodttoad web amaXior toantltles of aootlo 
aold  ^bom reXatiireXy to tbe etbyl aXooliol ppodaet^ i ar^si tna 
gluo^ae famentedp tban did Bai^  o<^3Li» 
Toaulta reported in the ia»ove m«ationed p«a)Xioatlon  ^
'•Qm 
eoupHed witb finding that witb th» Isy Mmibmetw 
trnwrnrnM  ^ lA0%i0« suoeinio and fof^ o aoida  ^ atliyX 
aleolxol and mx%<m dieald* acMMmafiwI for only about sovonty 
per o«iit of tho fonMatod glueoso  ^ led to fur^r investigations 
reported by larden and Valpole iW^U tn thie publioatioa  ^
tbey reported results of studies on  ^fersisiitation of gluoose 
and Qiannitol by A. aerogiaiei^ # The searoh for produots to aooouat 
for the ui}reeo7ered gluoose 3i«d to the isoXati««t of neutral 
product boiling at 181 « 189*0* at ^0 nsa* pressure  ^ i^ lting at 
g8*0* and liaving a spooifie rotation of {<<d I • Qt4& 0#71» 
fbe pii^ ioal properties of the o^^und agreed with tliose of 
S I^-butylene glyool* Gmielusive identifioation of tlie eoiapouii^  
as Bf 3#butylene glyool was attained by prepai^ tion and 
inati<m of t^  diplienyl uretliaae end by oaddation vitibi brcHsiae 
to diaoetyl* A phenyl osasone derivative of diaoetyl gave 
the smm melting point S48*3^«) ma the sisae derivative 
f^ poaa auMuintio diaoetyl« In addition to finding 
Uf 9«»butylene glyool in suffioieat quantity to aoeount for a 
large pert of the ol^ rvise unreeovered gluoose  ^ they vere Able 
to shoe the presenoe of smll fuantities of aoetyl i^ ^byloarbinol 
in the f^ ^mented liquor* fhe other produots of the fer^ntation 
were qualitatively the same but (pantitatively meh different 
than thcMie resulting from ferEsentation by Ssiai* eoHii Also  ^
by th« fersnmtation of mannil^ l^  oonsid«NKble quaiitlties of 
0p 3»butylene glyeol were produoed li^  tmmmtmtlmm of 
ooli ^ypOf the e^yl aloohol from ^mnitol ims 
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wez'e aSA#!* viupifiat eoirrerttd a mxeh gx>«at«r pos>tl<m of tlM 
f9i^E^t«d glueoae to Xaetie aeid with oorratpds^iig x'^iu^tioii 
in %h» ^pantitlaa ^f athyS. aXciohoX|, aeatie aM fox^o aeids aM 
^93^9n difisxlda* 
fha ra«ult3 ol^tai&ad with tl^ "rariant are not in agra#* 
rnimt with p^vioaa raauXta and haa<N» tha a^nftMon proposed lacf 
(2003.) ia inadaqmte to exp3.aiis tMa fex*m»titation» fhaaa 
faeta lad Sardaa %& poattdate the aad.9t«iea of t^hi^e Ijaaio e»« 
cpte ajatm for laah* aoli. aa^ aatingi to a oonaidambla 
#igraa« indop^iideiitly of the others and aa#i suhjeet to pcHsiaS. 
diaplae«a<»tt lsf variationa in extex^l oonditiotw# two of the 
auggaatad mmytm a7at«Mi would aot direotXy upos j^^oosa 
ao|«oa2l«|, the third upon oae of the ^onveraiozt prod^tf^t formle 
aoid« z^otioxta auggeated are foifwilAted mi 
I* ^e%aOa taHgOBOH « COOS» 
8* - r 0%60(H 4- OHft6a«0S 4  ^ S^Odt 
9* ^OOE  ^GOs 
So attempt ia made ia ^ a^ienie to provide for auoeinio aoid 
whi^ ia reported in the arnXfttrnX data^ or to auggeat an^ ax«» 
plaaAtioa of ^ atepi hy wMeh glucoae in agitation it 
verted into auoh divergent ppodao^ aa ethjr^^ a^ioholy aoetie 
aad fonaia aoida* in ai^tion^ It vmj he aignifieent to note 
Wm% the imaStl gim pro^tlon hj the variant eaiaiot h^Ni he 
tttrihtttedf »• in the oaae of pNirthaH^ to fnilnre to 
deaarhaxylate f^»aie aeid* 9vm thi» data ohtainadi reanlta 
••3J3*b 
6m !»#«% b# mpXulmA by a in th« mmjm tyitM 
tmm t3amt »f»%m dieaoa^ibad by aqtiatioa tvo to tlmt of etuation 
on«^ so that jfolatlvaXy atsall aneanta of fox^e asid a^ 
duaad* 
Im XdU tlia fipat two of a »«ri«a of papora by 99«y daaX# 
ing witli f«3nattitatioiia by yuali# aoM appeasrad# Biaoa 
vhola aarlaa la x>atb*x» oXoaaXy vaXatad a&d staleaa ^ an naifiad 
iirreatigation tbay viXX ba oonaida]:^ toga1^i?« 
IB tba firat of tbaaa paparat (X9X4«) otmtimad 
aa:rdaii*a px^avioua iiivaatigatioB of the Sacit* eoXt vazlaiit p?o«> 
dtoaad by pXatisg on ahXoraoatata mom?* Ba vaa abXa to aaXaet 
t«o atraina^ ona unabXa to daaompoaa fansataa tosdap atty aenditlima, 
tiMi othar eapn^Xa of briiigliig about thia daaarboa^Xation in tlia 
pNMKHiaa of gXuooaa^ lattar atspain vaa oapabXa of gaa p«>* 
duatloa i»m moBltoX bat oaXy In about oaa baXf tbe 
pa^oduoad by tba pa^ast straia# Th» tlmt atirain pa?odaead no gaa 
fx^ aamltoX« 
la Ma aoocmd papar^ Sapay (10X4^)^ »ipoi^ad omapa3*atlva 
a^tdiaa oa tli* daaogapaaitioa of gXnaoaa by tba paz^aat aad ir«^aat 
at»idaa* fha iia^diata objaat vaa to diaeov«y i^tfaa? ii8>di« 
fiad» aoDj^i^ pvodaoiag foim vaa t^ raauXt of irariatioaa la 
tba aaayjaaa briaglag about tlia prlaiary bpaaledlovii of tba gXmooaa 
]^X#auXa or oaXy of t^aa affaating aac»»adary ocmvai^loaait auo^^ 
aa d»o@B^altl«3 of fez<alo aald* If a nxabar af px<oduota mty 
pi^daaad t»m gluaoaa by a alagXa aai^piia ay«t«ni|, i>aaftoiiadt 
aaXaatloa ahouXd aot aXtaa? tba s«tioa vMt^ tbaaa prodaota baap 
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im •^ Sas  ^ and aeetie aoiS «ri»« tyjr 
A Ocaaisim^ x»««etiom t»o isc»l«eaX«« of tli* lat«f^ 
wmdtmimXf tma»d (»i4 «6Gotmt«y in tSiis 
fior tibiiv ft|p|»#Kr«a0« in th* «!id pNidsiett in 
Bi&Ifti' iNane<mtx*6«i{»n»« 
Worn Mrtftln Q\ifimm iniifiii<tn«el«»t t% 
previa*# m «acpl«sAtidn tQv t3m tovmtlon of smooinlo aoid 
vMOh in odnsiaoTiibi* in 9m» of 
fopsiontAtion ioiaIi^os# la additionf tlio 
tlio mts^ sum of «XooboX and ftootio aoid bg mm»3k t& tSm 
tmml& AOid ox* to «lio oim of foxiido und ome^n dioxido* 
Eofotring again to ^^2.0 SX wo find tlai* #i|iiAii%7 aji^v«xlittt«d 
tiM rotulta HiM mn r^ i^ain 8« With roimXt* iovmd fw 
fttspain Qm^ tiio d«^i<Biin«d fi2itntitio« aiw tm? too anioh «% 
inMPianoo vit^ im^ an otnalitr to ^ attillmtod to «Kpofdisontaa. 
flio a1»ov« rolationa wi31 bo diaeasaod in m&jm dotal i 
in oom^otion vitii Solioffopto «o^« In addition to ti» aSbm* 
diffioaltloo^ Wm ppopoaod aobooi it not atiffloiontly floodbXo 
to oitp3«in «t timooy oonoidorobio variationn botwoon tho 
fmydtitloii of aeotio aoid and aXootioi wMoh ta^pm^ la 
mm tmXyaM and ««ro notod 1KPOVI01111I7 bf Baaf>^« 
%n Ma n«iet publioation^ (X919) ixaoa a nwmot&od 
of'attain tlio »ggan1 anOf lto<% ooll mam gmm an pa^tot 
«nd imttiM off vitli •t«rl3Ui potoadim Mii£db*tft soliitlon* fh« 
fi^Rsontationa mm mmiad ont by adding hamftsr mmpmmim$ of 
tim bftoti^ia to alalia gluooao toSintiona# tm tblO lBa8nol^ 1^ 
of Mmm of tsm 49t9Sfidmd tvom ptpm 
tQm w«re e2.1mi]mtM« In tMltlmt, Qvej te \m at3l« Ise 
IdLsldtnpilib lluisii ^i!N»au9tii xNieulting tvom simple mmyemtlo 
m%lm tmm siig^t be mv^ partieulftrly ttp^ei^ 
uwm &fmW& eM reprodteietidn* 
Sbe ex2^riia»nt«X results slioved mml^vvtSblM varifttioti 
dep«Qjiiiig la^n tbe eoneentratiea of potaeeiiea u^d* 
fiM» relfttiTe proportions of the promote of dee^Mpoaition aXeo 
Siffer^ eonaidera^l^r frc»a tSioae obtained in ear34.er eaEpertiaenta 
«kere the haete(ria vere grown in a peptone*gimeoae aedlgsii, With 
t&e oeH eistipensiona^ a iRi»iXler f^wntitx of 3AStie aoid and 
eorreapoiidingly greater q«antitie« of an^tiOp formio and suoeinie 
aoi^i, dieecide and el^l alec^l were fomed* 
C«i^aiii «M>zMil«teiit e^tialitiee i^i(^ fottx^ led to the 
poatolatien of farther ^eoriea relating to ^e fermentation 
meeabtiiaim# Wvmi mmm «[qp«rii»mtSp eaoh with a diff«p«nt tmim 
eimtration of potaesitsm jmlphat#!^ relative proportions of 
aeetio sad sueeinie aei^ vrnv^.-fiemA to rrn^f oons^derti^T* 
mm of the twoy hsmm v^^  was praotieallf eonetant and did not 
deria^ ^reatlf from SS per omt hy vei^t of the femented glu* 
eMe« the saiae was to%m& to be true for the sum of the veii^ts 
of aoetie aeid and ethyl alcohol* fhese faots led Qai^y to 
itspfese that sueoiaio aoid is prodaeed from t^ mmrn interaiedlate 
«ml»itaiiee which gives rise to aoetio aeid* Further^ sinoe the 
relationship held betweexi aoetie aoid and aloohol it is 
suggested that all three empofm&M are prodaeed throu^ the 
•If-
s 
me/moj of aasw mmym sTitem* FiaaJiXy, tim fomation mt 
iuoeinie aaid \tf the eondexisatioii of tiro mleoules of aeetie 
ftOlS wma poetulateS* 
M ftt%«aipt wen aia4o to tlieee tiMioretieaX 
•idleratioziJi with ttie BiSiam proposed in areyVe previous j^iper* 
tile sssae Jotmml vith tlie pa^evious peper Qvnt (191^) 
ilttails lyw results olttained bjr ft periodio stuil^ of tbe fex^.* 
mentstioa of glitoose prodxioed b7 % oell sixspension of Bseh«.» 
soli in potftssiisa suipimte* It imj be r«Beafeered t^t 3re^ had 
hoped^ bf laiing oelX suspoDSions^ to eliiaiiiate those lu^tivities 
oonnsoted iri^ oell growth and mltiplieatlon* It Is signifi* 
oasat that in this experisnsMMot he fotmd l^t in the first period 
of th« f4a%B«atati«»i there was a deorease in the vishle eooat 
ttm SI.7 31 10 to 4®0 X 10 ^Hs per al# Baring Wm seeoad 
period the triable ooimt inereased a^n to 140 X 10^ and vat 
foUsived by eziot^r^ bat sataller drop 4toias the third 
periiNU tt vas fotmd that dorixig the first period in i^oli the 
groat disdimtioh in saucers of viable oells oooarred^ the fer* 
owated s«|^ vas ec^letoly oonverted to aoetio^ sueoiMo axid 
formio aoi^t eth^l alei^l and oarboa dioxide^ no laotio aoid 
biiag j^Mtaeed« Soring this sim period lar^ foahtities of a 
]ieiii»reia9iiig oax%oh73rate^ SMonntiitg to 70 per eeat of the ori«<> 
giaal glAooset vas prodooed# vas subse^entlf 
ferj»m^d^ largel^T to laotie aoid* Soring tim followlx]«g period 
the ehief |»Podaet vas li^tio aoid vMoh aooomted for shoat 
?0 per o«eit of the fem«ited oarb<G^drate* 
•IB* 
Prom those results, aroy derived added sufqpiort for hi# 
« 
theory of indep«ide&t easyme systeas* fhe produotion of ftoetio^ 
i. 
suooihio and formio soids^ oiarbon dioxide end ethyl &ioohol is 
eonsiderod as purely wm^mitio, taking plaoe extensively not 
\ 
only ifhen the oells are not growing i7ut|» as well« when the 
noafber of viable eeHs is undergoing eait«islve reduction* 
]^oduction of laetie aoidj,, on the oontrsry is intimately 
assooiated in sorae mamer^ with gnsvth and reproduetion» drey 
oonoluded that sinoe laetio aeid thus appears to run a sej^ate 
and independent oourse^ it may be regarded lui being produced by 
a separate ensyne. Ihe other products seem tN» be g?c*ouped to­
gether mod to form an alternative course for the deoomposition 
of glucose• 
In A succeeding |mblioationj» 0rey (1990) investigated the 
fermentation of glucose in the pcresenoe of added calcium formate* 
9tvv$ ixpeetedf by this |»rooeedure, to upset the m>xml 
mentation balance whioh he considered as oonditioned by the 
hydrogen available for reduction to al<»oholef tlbm postulated 
intemediate aoetaldehydei* the hydrogen for that redaction 
iue*iaing through decomposition of formic acid* 
In one out of four experiments to which formate was added 
tOie aloohol {adduction was increased to about two times the 
quantity produced by ths fermentation of glucose alone* In 
the other throe, alcohol prodxltion varied from one tenth to om 
half of the quantity produced from glucose alone* ^e siost 
pronounced effect of formate addition appeared to be to greatly 
iaeroftse tbe rate of pro<luotion of g&eeoua produote frorr. gXnmae^ 
i«e«, hfiSPOgm and oarbon dioxide* In spite of the oontradietery 
results^ drey presents these data as proof that hydrogen e^^lved 
by the deeomposition of forsde aeid is utilisedj^ in part^ for 
the reduotion of aoetaldehyde to ethyXalOiC^l* 
^Kbe investigation led drey to farther elaboration of his 
previous theory* He su^ests that the fersientation of gluoose 
by Bseh* eoll prooeeds throiigh different^ and to a eonsiderable 
extentg^ independent ensy!i» systeoisip leading to the following 
grouping of productsi 
(1) laotio aold* 
(8) aoetio aoid^ aloohol and sueclnio aoid, 
iSl oarbon dloxldeii hydrogen and formic aoid« 
'Fhe first reaotion^i the product of which is lactic acid^ being 
independent of the oofperation of l^drogen for its formation, 
would run a oourse quite independent of the others* Between 
reactions two and three he postulates a imore intisuiite relation^ 
shipii INipending upon fSm rate at whi^ hydrogen is soade avail* 
able by reaction three^ the intemediately townmA acwtaldehgNle 
would be recced to alcohol or oxidised to aceti^ Imd succinic 
aeids« 
In the following year drey and Yoting <19@1) investigated 
effect of ox^^n upon tiie fennentation of glui^se by Bscte« 
0011« fh#y foui»l that a feriaentation initiated by a oell sus«» 
pension grown iinder strictly anaerobic uonditions gave rise to 
only negligible quantities of laotic and suooinie acids* The 
fermented sugi^ could be largely aocounted for ethyl alcohol^ 
fonaie aeids tuid earbon Mmide* Gontmet with aiz> 
appaaifed to rairive titia or^missli ability to ppoAaoa laetie aoid. 
Iti aaotbei* pubiieation by appaare in ha 
oonai#Bi?a tha raaebaniam of auoeinio aoid formation* It alX of 
the end ppodueta of the fexmaatation of gluooae by Baefa* oeli 
reaalt throu^ tmmafomatlon of intemediately formed t3aree«* 
oarbon oompounde thm aueolriio aoid vould neoeesariXy ^e ita 
formation to a re«yntheaie« Qmj^ however, does n ot believe 
that the preliminary ruptore of tdie he3(x>8e molecule oan be limit* 
ed to a aimple separation into two three«oarbon eompout^le* On 
the other hand^ if euocinio aoid were the reault of a aiid 
4« earbon oleavage of tha gluooae maleoule^ it would not be|» 
he ^etulatedji produoed by the fenaentation of a th^e earbmi 
oompcmnd ae glyoerol* eaeperiiimiitaily that Eaeh* 
eoll doe a produoe auooinie aoid by the fermentation of glyoerolit 
thia finding la ooiuiidered ae lather evidenee for ita for^ 
ati(m by the oondenaation^ moat probably^ of two ^noleoulea of 
aoetie aoid* 
Continuing hi a experjUsental atudiea on the fersientation of 
oompouada having earbon ohaina of leas than four earbon atonsa^ 
O^Niy foimd that glyeol, mloniof laalie and tartarie aolda were 
fero^nted by Eaoh* ooll* E^oh of these eoispounds gave rise te 
a isimber of the saioie but not all of the produota formed by Eaoh * 
ooli tmm gluooae* It la of partloular interest that auooinie 
aoid was fexmented readily, partioularly in the preaenoe of added 
©aloiua fonaatet With the single exoeption of ethyl aloohol, 
auooinie aoid gave riae to all of the end prodaota produced fro® 
l«d Qveff to the eonoXuaion thm mm^sfmii 
inYol'Tdd la tl»» eXeavage of the ehoarf; oerbon (Smln <K»iapoiisu!Ui 
be esseatimlXy differsat than thoee bringing ab«at eieavese 
of the $Xmo»B moXeeuXe^ In ahort^ the ens^ a^ateia of Ssoih* 
ooii i« oonalder«^ ae eiipabXe of apXittias the eiirbonwoarbon 
XiJikage nt any point In the aubatrate mole9ule« fheae oonaider • 
ationa sui^geated to Si^ey what ha deaeribea aa a aimple theorjr 
of fermentation* He poatuiatea a group of five enHTmea whtcto 
indJ^vidSiiXlf and in mrioita ocsnbinationsi^ oan brix^ about the 
oonyeraion of earbohydratea to the varioiia end prodMota* 
Xm An Bmym vemving hTdrogan (vith the aid of aooeptora). 
S» An ensTBie r<^7ing oxf&m (with osidisabXe aeoeptorsK 
3* An ens'jrme aplitting off groups of onewoarbon atoms* 
4« Ah enssrme splitting off groups of two<»earbon atom* 
6* An em-pm aplitting off groupa of three»oarbon ato^oB* 
Gfraj^s (X9S8) final publloation oonsista eaaentially of a re«» 
view and suinmarsr of hia former eonQluaions and needs no disoassion 
here* 
In a aeries of three publioationsp Karesag and Moes^ (X9X5) 
Earosag ai»dl Brother (X9X&)y Karosag and Sohiff (X9X5}, the fer­
mentation of pyruvio aoid was investigated* The previous re* 
suits showing tiMit pyruvic aoid was fermented onXy by those or* 
ganissis fermenting gXuoose were oonfirmed* l>yruvie whan 
fenisnted by Isaih* eoXi was eonverted aXmost <|ttantitativeXy to 
S0»em» ppodaet»« Th» mlicture «v«]?ttged 90 per e«2x<; 
h^srdrogen end 10 per eent eerbon dioxide by volume# 
It laey be well to reeall here thut Neuberg (1914} h«td 
previously shoini that th» deeom^sltitm of pyruvic aald by tm-
identlfled ndxttiree of putrefyihg Moierla r«8ult;e<l ^aoti^ally 
tamtitatively in the production of aeetio and forside aelde^ 
oarbon diocicide and hydrogen* Heuberg ii&ggeeted as iM>at probable 
a hydrolytie ol^Mnvage of the pyruvio acid as iiulieated by 
e^oationt 
CH»»co,cooH + mm « ch^cooh • hcooh 
cp» t H, 
In their feraenl»ktions of pyravie aeid by ga<^ eoli l^rosag 
et« al* were unable to Identify fomdo or aeetie aeids asiong 
end jff'odaets* However^ they suggest that its de^mposition 
to gaseous products prooeeded through these compounds as inter* 
mediates and proposed the following meoimnisms 
0H»OO + OH CHftCOOH 
COOH H HOOOH 
01s OB GH«OR 
I • I • I -m. 
GOOH a COOH 
CHaOH CH.OH 
H n  " I  ^ ^ S ®  
CGOH COH 
CH,OH 
COH 
S HGOH 
SHCOH 4 8 HOB 8 BCJOOH * WSm 
8 00« -*• 
fhey eottlS notg ha/wvevf demonstratetb« fomsntstiion of aostio 
sold by tlis oultures used* 
Hettbspg snd Ho^ (3SX9} and He«l>©rg, !loi»d sad Wolff (19^0) 
vore 9\ieoessful In isolating eonsidss^ls quantities of aeet* 
ald^hqrde from fementatlons of gluooae by both Ssehit eoli and 
Aeyobaotey aeyoiig^e> method used was the ssiae as that 
jpi3?evidusly used suoeessfally in making probable the oocaz'rfmee 
of a6etal<k^yde as an intenaediate in the ale^holie fementationjp 
i*e»| fixation aa the sul|Mte addition oo^i^peuiid« (Beubei^g aM 
Reinfuj?th 1918)4 
Fred and Peterson (3^30) investigated the fenaentation 
of xylose by or^niems of the typhoid and A« aeyeaenes flgouiMi* 
'i^he ®hief pxNiduots resultirNS from the fermentation of xylose by 
A» aerogenes vere oarbon dioxidehydrogfni^ and ethyl aloohol 
with small quantities of i^latile and non«*voXatile. aeids* fhese 
produotSi; however, aoeouatwl for only 66 t© 7S per oent of «xe 
i," 
fermented sugar« Analyses for aeetylinethyloarbinol and 3* 
butylime glycol were not raade* In vi^ of the previoiaily dis-^ 
CRUised investigation# of Harden aind eo<»work®rs it is very pafo* 
bable that the deflsieney of final products eeuld have been 
aeoounted for by (iuantitative detennimtions of the glycol end 
oarbia&l« 
Organisma of tijft typhoid group produoed^ from xylossji 
largely formJo, aeetio^ laotio and auoolnle aeids with very 
little hydrogen and carbon dioxide* yield of sueoinis aoid 
was high^ representing 80 to 36 per sent of t^e final |;a:*oduet»i» 
I^e|, however, to the incomplete analysis and failure to ^ter* 
mim th# datA eannot \m used for eonsidexN* 
fttiosui of tlMi m^ieSmaism of tb.o diatimilation of xyXoaa* 
itol>eX <X9S4} atiuS^iig tlm fa2W»zitation of pttutIo aoid 
ona atrain of Saoh. ooXl gava gXy^olle, aeetio and Xaotie aoida, 
earbon dloxida and hyd^gan aa tlm ahiaf pre^tuota vitai stsaXX 
^lUtntitlaa of foBale aold* iJezlng tlia farsaonbatlon of gXaoosa 
in an inorganlo raadium AubaX was abl« to dasenatrata tiM» aootsnmX* 
ation of pTsmvio aeld in tba madi^ starting on tba Hiird dn^ of 
IncubdtlonA and daoraaaing to siMPO on the tenth da^r* aasonnt 
waa anffiaient to permit of quantitative detezisination^ iiN&Xation 
and idMatifioation* 
In two aueoaeding pubXioationa AubeX ai^ 3aXia}artan (1926^ 
ooniiidar the origin of hydrogen fron ^ feriiMmtation of gXuaoaa 
^ ISSauSSM.* att«apt to draw ooneXnaiona from OftXaaXati^na 
baaed m Harden* a (X90X) e^nationt 
^e%»%  ^ SOH«»CaOH*O0OS CSc*C001 4 G1»*6%QH * 
mOfi t 8 % 
Ooi!Uiid«rli^ that part of e^nation i^p9t«ea^ted as} 
Sa%aOa • ^ 0 « CHgOOOH • CH»»ca,OH * SK30,, • 3a%| 
ie^f uae the expex^bwantaXXy deterssined qpxantity of aoetie aeid 
aa the baaia for eaXouXatie^ii of the iraXuea demanded by eona* 
tion for the foantitiea of the ether tlupee pi?t>duota« tmX^ 
auXated reauXta for hjrdrogen do not agree vit^ thoae experii»int* 
aXXt detimsined* Za the preiriouaXy menti^ed paper^ AubaX had 
aXrei^y ahmm the fomation of pyamvie aeid from gXaaoae by 
^ Sac^« ooXi* The prodnotion of pyravie aoid eooXd be eqmted 
-2g-
G(|%KOe « 8€;Ba*G0«C00H 4- 8H«: 
It to til# preyiously oalmilatcd valiio tor liydrogen vaui addtd 
that amount^ «rhioh aecordlog to tbo above aquation^ wou34 aa* 
ec»rpH^ tba pymvio aoid datormin«^j| then tba oalotilatadi and 
oxparim^QtaXly dataz^lnad values fox* hydrogen ware in good 
agraesnent* Sueh eonsiderationa lad Aubel and Saiabax>tan to 
GonoXuda that the gaaeoue produota from laoh^ ooXl farsientatioaa 
do not peauXt tTma formie aoid daocaai^oaition* Hydrogen vouXd 
ba the diraot reauXt of an oxidative oXeavaga of the gXuoosa 
s^XaouXe whlXe oarbon dioxide vouXd be foriaed tlmn^h deearb« 
oaiyXation of pyruvio aold to aoetaXdehyde# TImi authors pi^o* 
poae the foXXowlng aeriee of e^uationa aa representing' ti^ 
diaeiiolXation of gXueoaa by taitia. eoXl lt« and prod^eta* 
CeHxaOfi " 8 OH, •OHOH»OOOH 
OftHaaOe » S <;ii«»CO»GOOH • 8 % 
S ClefGO»G0Ol • 8 CHt^ COR * $ G0» 
OHa*COH + % « CHtt»GHbOH 
CH»»COH + 0 » CH,*CO<H 
Henberg and 9orr (XOi^} found tOiat euapenelona of Beoh. 
ooXi oonvertad mth^l gXymaJL quantltativeXy to Xaotie aold* 
fhey auggeated that the e^etion propped by Harden (X90X} for 
tha diiaiiilXation of gXueoaa by Eaoh* ooXi oouXd ba expanded 
in i^a foXXoving fashion* 
e Go%jl% w 0 CH» •CHOH*GOOH • S 0H<|«CO*C€K)H • 0 % 
S CHa*G0«OOQH « B CHg'QOH • 8 C0« 
2 GMft*S0S •*' ^00 m CSg'GUaOS C%*GOOH 
t«ro moXeeolett ot gXuoos«^ two ia£>Xd6uI»» of intonsedlatoXy 
fom«d mefO^iyX gXyoxaX wouXd stabiXige aa Xaotlo aoid« fh« 
aainder of taje gXuoose, a^i-raXant to two laora moXeeuXes of 
uiatisyX gXyoxaX^ wottXd \mdergo oonveralona anaXogoaa to thoaa 
l»7opo««Ml by Haubarg (X9S0) for tho third form of aXoohoXle 
fer!mintatio2i* In thia i3mvm woaXd be one «Kaeption« !2^ 
drogen aooo^panyljnig tl»i foramtiom of Xaetio azid pyruvic aeida 
is Xlberated in Ita aioXeeuXar forra by laeh. eoXi rather than 
being traaaferred to aoetaXdahyde aa in the aXe<^oXio fer* 
sientabiOA* 
Ump artieXea by KLvi^w and Donker X986) attempt 
to usdfy varioua iHE'eiraXent eoneeptiona eoneeming the 
aumlbftniasi of bioXogioaX {»cidation and reduotion* fhey suggested 
the advantagea of a eoneiXiation of WieXandU (X9S6) theory 
of aotivated hydrogen traxtafer with Wi^bu2*g*e <Xd2X} theory ©f 
iron aetimted oacygeny in expXaining bioXogieaX oxidation and 
redaetion* ^ey aeoept that gaaeoua oxygen,r in oontrast to 
other hydrogen aeoeptora^ ia not redaoed by the WieXand aetiirated 
hydrogen untiX oonverted to the proper ferric e<»9pX«B: within 
the oeXX« 
In eonneetion with theae eonaiderationa aXX of the diaai* 
miXatiire ehangea brou#it about by baeteriaX oeXle wouXd be ao:* 
I^Xained aa a aeriea of ooupXed e^qr^o^reduetiona* fhiiaji in the 
fementation of gXuooae by Baeh> eoXi^ Xaotie aeid ma. reauXt 
from the atabiXiaation or intraaoXeeuXar oacydc^reduotion of the 
pi^!a«pf carbon interme^fttOf pafobabiy motlsyl. glyoxal. 
Iiyaswito* 
a>am Inters^MiNikte eouM glv0 vitie to aootaldiihyao anil fox^e 
aoid, tb& lattor being dooompoaed further to oarbon dioaclde and 
hydrogen. 
Btb^yl aloohoS. and aoetio aoid peeult^ thesi, tieom tl»i zMidaeti<m 
imd <«ldation of thia intermediately fonaed aoetaldehyde* 
Ee^NHlling ?ix>tanen*e {198i} investigation^ t^ey poetuXated the 
formation of jvuooinio aoid by an indeiMindeEit 4m and 2*» oaj^bon 
eleaira^e of the non^piMMiirhorylated gltteoaev 
The femesitation of gluoose by A*., ji^^E>ogenea aocording to 
^e«e Qonoeptlona would differ tTpam that by 8aeh'» ooll only In 
that Wm intemediately tovmd aoetaldeiiyde ie largely oon<» 
deas«^ to aeetyli^thyloarbinol as^ eubee<|uently redueed to 
2^ Ih»ba1^ie&e glycol rat^r than mdergoing an oacido-reduotioa 
to alcohol and acetic aeidf 
de Oraff and X*e plirre (19S&> reported further studiee on 
fermentatioaa by the oolon«tyidioid group. Ueing lliHja>erg*« 
(1913 J teehniqtue they vere able to fiat aoetaldehyde in thet 
feraentationa of all oarbohydratea which lech* ooH attacked 
noraially with the prodaotion of acid and gae* Of the varioua 
three earbon ccsaponnde which had i»peviotu»ly be«a suggested m 
• CH«#CH0H»C00i 
O%*00#€-»OH « aH»»OHO • HO<?OH 
^OK i 60« 4- H 9 
farlaaify prodaot of glaeoio, oaly a»tiiyi glyosMil 
vss aot foraoatod* Slyool^ glyoolie, aeld, glfMrnl^ glyeorlo 
aldehydo nad aoid^ dioxyaootoao «ad pyvuTlo aoid v«r» «1X d«N> 
oosipo«»d vith tlio fixntioa of nootftldohyae# Qf tliese ocmpoimds^ 
pyvmtl^  «oid wai the mmt readily fei^ated and the only em 
to give large q^oaatitiee of ae«taldehyde« 
de Oraff and Pewe dieeuaaed t&e poealbility of obtaia-
ing ^ovledge of l^e ^ae^haaiflm of dieaimilatloa of the atigare by 
•tudyiag the fermeataticm of shorter oarboa chaia eompotaadec 
fbagy apparently overlooked the prerlou# publieatioa of Srey (3^4) 
tfhd iaireetigated that poiat with the same objeetive ia view# 
geaeral, their reeulte ooafirmed those previotisly reported 
^seept that they oould find ao fcunoio aoid «ja(^||6ag the ead pro* 
dteiote* 
fyravie aoid^ la the abaeaee of fixiag ag«atfl vae ooaverted 
praatiially t^aatitatiirely iato aoetie aoid^ earboa dioxide ead 
hyOrogea* A^taldehyde eould be detected (jualitatively ia the 
fermimted liquor* From these results the authors believe that 
pyruvie aoid uadergoes a deearboscylatioa rat^r thaa the hydro** 
lytio eleavage to aeetio aad formie aeids as suggested by 
Heuberg (1914)* 
aiaee glyoerio aoidp glyoeraldehyde aad dioxyaoetone were 
alio ooavevted largely to the »m» produots lui pyruvio aoidj^ it 
appeared logical to eoaolude that these oompounfis \mdenrffiEit a 
pP9%i3sXam"j aonvorsloa to pyruvic aeid# the pi*oductioa of aeet* 
aldehyde frora glycol eould be aost readily explaiaed as a i»i-» 
doUydratlon of tbe gXyeol to tbe liot»ro07<ilio mtlsylitm 
oxida* Tim B^thyXene oxide tmdergo«t nubssquent intf«3iu!»X®<mX«r 
rftaffwrngeaient to »e«tald«hsrde# 
<m||01»01«0E m 0^%  ^ •¥ E^Q 
• CHa^CHO 
Applying th9 9«^ raQo^iAiiiant to explain tbe diaslmllation of 
glyoeraldati^raa^ d« ara^np atnd La whrT9 auggantad th« folloving 
«eli«3i«f 
0%QH 
1 OK 
GHOH 
1 
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In a aomairibiat similar aHumer tlie farawntation of glyo^rio aeidi^ 
dioxyaoatona and glysarol was axplainad* IFba faet that Baalu 
*  • W W .  « «  M M H l M M M i * '  
eeli WnNi tmabla to bz>ing about tha diasimilation of laet^yl 
gly^ml waa attribtitad to a diffaranaa in px^partiaa hmtm&m 
^a atabla titiaiBieal ^opoduet and tha biologiaally fomsad kato 
aldahyda* Ragarding the formation of auocinia aoid fot^ad mmoiig 
the prodneta from tha fermentation of glyaerol, da (Jx^f and 
lie Favra aappoae it to be fonw&d by oondenaation of tao raol#-
omlea of aeatald^i7da« The deearbostylstion of pyrwrio aaid 
irould give riee to a foxw of aoetaldahyda highly reactive in ita 
mmemt atite saoh «»t 
I ^0 * G0« + H 
fvo moX^cmles of th« aetiT« fom ox" «o«taM«%d« ocmdenso to 
Aueeiaie aMelxy^e wMeli is in timi Ixf&rtLted and d«li;rdrogeiiftt«id 
to 9uecinie «iQid|, aooo»&iag to tim foXXoviag «quii^tlonAt 
19^0 m a3?tleX« App«ftr«d Q»&8t»X oonstitutiag « 
r6Yl«« itnd tiieovttiOAl. disouasloa of ratuXts reportaid by 
QuftsteX luid 9o<*«o]:*k0x*a in « aarlaa of papara bagizming la 
mrnt Qf thasa papaam appaarad la tba ^ovmrnXm Bx» 
paj^mmtal paauita lad QnastaX to advaaea a aaw i»cpli^tioa for 
tlia rnmlbmtiim of maym Mtlm» 
Moat of the 2*aauXts vaipa obtaiaad by uaiag atispaaaiona &f 
3?a«tiag 0r aai^prolifaFatlag baetaria* Eaalu aoli was th© «p-
gaalKBi atodiad moat axtanaivaXy* Xt vaa daiaonatratad that aaa* 
panaioaa of laoh» eoXi wara abXa to aatabXiab the aquiXlbritimi 
• tH« 
Sactoin^ aa4&.^ itathyXeaa bXua * finffistPie 
aaid 4> X<mae isathyXaaa bXue« 
la i^ditioa, both iuec lab azMl fui^io aoida vara aapabXe of 
#©PTiGg &« the 8oXe eartjon scniree for growth of Eeiau eoll. 
Ueing the methylene hlu£ technique of ftomherg (19S0)^ 
Q;muitel et &1«, were able to ethow ^;h&t of 10j( oompounda tested 
56 were activated as hydrogoa donators for the reduction of 
s^thyXene bli e# It appeared that the facts were in aeoordanee 
with Wieland's (1925) theory of biological oatidation, l»e#, 
oxidation tiirough aetivation of ths hydrogen atoms of a sub­
strate so that th« latter beeosies capable of donating or tram* 
ferring these activated hydrogens to suitable acceptors• 
How the activation of fu^arie add as a hydrogen Receptor 
and the JNtot that this reaction Is reversible^ could find no 
explanation in Wieland*s theory t Oombined witJai otiMir eon* 
siderations of like nature these facts provided the basis for 
Qtiastel'i new theory of biologloal activation* He rmoned t^t|, 
rather than liMting aetivatlon to parts« such as the l^^drogen 
atotas of a substrate ntoleeulei, the facts could be more logically 
explained on the basis of aetlvatimi of the entire ntoleeule* 
Such activation would be the result of adsorption et specifie 
active centers vpon sell surface* 29ep«adlng upon conditions 
and the ehsaaical nature of the adsorbed moleeule^ activation 
would take place throui^ polarisation^ the molecule being act­
ivated as either a l^rdrogen donator or hydrogen acceptor* shus^ 
specific center Involved in the activation of succinic 
and fumarie acids was found to adsoiH) strongly the foUowlng 
oompoundst 
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to laetie ftoid witb SO p«r &mt of irolfttiXo oelda# 
Wma pymvlQ acid, glT^^roX and dl«»cfaeotoao noitbor laotle ztor 
•UGGinio aoid vas forzned* In tiio lattor faeta^ fooad 
«iippoz*t for tho tiiaory that glyoxal i« a peixmr^ Intoz** 
mtdl&to la tb« dooempofitioa of glmeoso^ aiaoo latti^ Ah* 
ptvo ooaiidoriS>lo qpiaatitioa of Xaetio aoid* Baaoo^ ho 
aoaolt;idi^ thal^ %t sueeinio aoid viro piH»dtio«d ht tlio oondoaoatioa 
&£ iatoxidodiitoly forood S«oai%oii oompouads sa^, a« aootlo 
aoid, it voald aeooaaarlly roaaXt from forsiMiatatioa of iwl^l 
gX^yoacail* flio foXlovii^ iavolviag l^o tvo iad0|)0ad«0t 
nodta of dooompoaitioa vat propoaodi 
m 
tiaio aoid 
tooao plioap^to 'aootaldabardo 
I lOtlajrl. aXoolioi \ laootald^liTdo-—| > 
I laotio aoid* 
0 aoid* 
formio aoid ^ • % 
A tlioaia hf iraak (1988} roportod tHoA roaalto of oxtoaaivo 
itodioa oa t^ fonuMmtatioa of glyoorol l»y orgaaiasia of ^ 
ool^i^rog^aoa group* 
la fonaoatatioa of glyooibl hj laolu ooliil»aair ^ton*-
oSadod t^t Vim iaitiii^ ooxrroraioa of tho «ul»sf^to oonaista 
ia ain^lo doi^fdrogoaatioa to glyoorald^^Tdo* Tiiia dAhydro* 
goaatioa oaaaot p^oood with t}io liboratioa of a^looalar is^ 
drogoa but r0<|uir08 a suitablo hgrdrogoa aoooptor* Braalc do» 
rivod aupport for thia ooaooptioa from tha foXlowiag faetai 
wiXX sot Initlmto tho aimerobio femontfttlmi 
of gX7eej*oX In a isineral 
2* Him glyoerol is fersranto^ in tlis presenoo of yoskst 
traot QT poptono* 
With 0iiaXI Qu&ntitiss of peptone or yeast «attrsot« the 
fementfttion tended to slow down and eome to a stop before aXI 
the glyoeroX was deoomposed* It oouXd, hovever^ be suooessiyeXy 
revive^ t»y repeated additions of peptone or yeast vater nntil 
ooi^Xete utiXisation of the substrate was at^eved* 
4* AeetaXdshs^e or moXeeuXar oxygen oouXd substitute for 
yeast extract or peptozw vater as a suitable hydrogen aooeptorp 
the fomer being redueed to ethyX aXo^oX* 
In mintrast to Yirtanen*s {X9@8} resuXts^ Break found 
qpiantities of sueoinie aeid representing 8 to XO per oent of 
the fomented gXyoeroXt He eonsidered this aeid as being most 
]^babXy formed by the previously dismissed S«» and 4* oarbon 
eXeaTage of an interaediateXy formed h&sose mlemlm* The 
siac oarbcm compound oan resuXt from the oondensation of tird 
looXeeuXes of gXyoeraXdehydOf The foxxiring sehsme vas suggested 
as represfl^tizig the most probabXe oouPfie of retentions through 
vhieh gXyoeroX is converted to the aacpiffi'iraentaXXy detemined 
end produots* 
eH«OS*GSOH»<SH(, C00H»(CH«)a#C003 
Oa»CHO * HaO 
CHa0H»GH01»CH0 • 0H 
•If 
CH# •GIOH^OOOH —^H# *00 •CHC 0H)« 
methyX gXyoxaX hydrate 
•T" 
HCOBH CH»CHO;^ 1 
C1«G^H CHsC!40H GO, Mm 
/ 
Witli Aerobaotgr a«yogeii»B and eloselj roJUited typea th» 
pro^ota vare esaentiaXly the aam and eould be explained by 
the eoh^e* In theae fermentationa^ however|, only minor 
qtumtitiea of aueeinie aoid were foimd and it wae eoniidered aa 
originating throis^ aeoeptanoe of l:^irdrogen by cKimpmmdft of the 
protein^ «uoh a« aapax^in* It mj be reeaXled that HaiNUm 
1^1901) iiiKQKmstrated the redmcti<m of aepartie to auooinio aeid 
Baoh* coli. Braak drew further eiridUmee for hia ©onolnaiona 
from the following pointst 
1« Galoiilatlon of the determixied suooinie aeid as arising 
from the glycerol gave earbon balances in exoess of 100 per oent 
of the fermented glyoerol# 
S* latere viui no direot ratio betveen the quantity of glyo«^* 
ol fermented and suociJilic aeid pcoduoed* 
Xnoreasing the eonoexitratiim of pttptussM or yisJit water 
in the snbstrate remilted in proportional inerease in the suoo­
inie aeid produced, 
4* aignifioimtly larger quantities of suooinie aeid mm 
pi^dueed during the fermentation of a givflai qxiantity of gly­
cerol in the prseenee of peptone than yeast water* 
A:aong the fers^tation products of glycerol by the aerogenes 
types only tri^ces of aoetylmethylearbinol and 0^ 9-butylene 
glycol were found# Vhen the fercMintetion took place in the |»*e-
senee of added aeetaldel^e or oseygen^ considerable quantities 
of the glycol wi»n» pi*oduoed^ Bras^k eould readily explain su<^ 
••SS*" 
mm&XtB on tho basis of tha sug^stad 8obama« oompetition 
of addad «oata34ah7da or cncygan for aTSilabXe liydrogMQi leairos 
mora of tha biologioaXly fonswd aeataXd<^:s^e AiradXabla for con* 
danaation to aoatjImathyXoarbinol* apparant raquiremant 
that, at Xaast ona of th» moXa<mXaa of aXdohyda tt^ng part 
in this raaotion ba of bioXogioaX origin had baan shown 
iriouaXf hf Haubarg and Simon (X9d&}* 
Basidaa tiia typicaX atrid.ns of Es^« ^Xi and A* aaroganaa 
vhi^ oould farmant gXyoarol anaarobiomllx cmly in the praaanea 
of auitable bgrdrogen aooeptorai BxHMik vas able to isolate 
eoli*like organiataa oapeble of (Mmaing the anaerobio ferzQent«tion 
of glyoerol in a purely Mneral medium* !?ha blologioal oharaot* 
eristios of theae atrainsj) to whi<^ BraaJfc gave the nania Moterium 
Freimiiaii, were sooiewhftt intenaediate between those Qt Eseh* eoXi 
and Aerobtteter aerogeaee> Bx«ak*a eharaoterisation la in 
table liX* 
fbmae intermediate strains prodaoi^ fi^ glyawrol^ in 
addition to the pi^odaota fotxad in i&m feinaentationa by Eseli* 
ooli* (|iantitiea of triaiethylene gl7eol up to om third of th« 
fen!H»nted glyoarol* The fei^entatimi oould take pl«oe anaerobio* 
iJ,ly in a simple glyoerol«^neraX atedim with no outside hy­
drogen aoceptora« Consequently3raak «»noluded that the glyoerol 
itself is here aotlng as t&e initial hydrogeif aooeptor aoocmpany-
Ing Hhe oxidation of another moleeule of the substrate to glyoer» 
aldehyde* In auoh a manner he was readily able to explain Wm 
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Fallur# to fiaS etbqfl alot^ol aerobloaXly eaasoa 
to p^f^ato two dUffoxunt forms of int«modiat« aoet&24tis3rd«# 
Qm i^osuXts from tUm £ormiti aoia oio«vag« of prln^rll^ 
gXyexal hydrato* 
(^ 08 OS 
OI»*C^ 'CcH » GBa^C^H -^OOH 
OH ^oa W 
fMii aldoh^o would be freed «ui e Hy^ate. fiui eeoond form 
of «Xd«^3rde appears in the ax^fdreus state throush deearboaqr^ 
34itioii of pyravio aoid# 
ci»»eo*Gooi GS^*Gno * co# 
The formation of Bg S^butylene gXycol reeuXte from the redaction 
of aoetflinethsrlearbinoX* Aeetylmeth^oarbiruil^ in turn, arises 
through tite eondsz^ation of ism aK^leouXes ef aoetaXdehjfde in 
i^ieh eeie ea<^ of ths h^drated and fom$ are i&<» 
fOiired* Combining suoh eonoeptions wit& a series of efuations 
suggested by preirious investigators^ Soheffer drew up th» follov* 
i^ sehffise as moat logieaXlj i»plaining experimentsX resaXts* 
0^.0. 
0»Hio, CM»*QMQE*COm 
CO, iif, 
€S|i*i P 'I ,I OH»*00*OOQH 
^ \ 
Olii^CHO CO, 
OHa*GO.CHOH»CH« 
- i  
- i  CH,»CH»OH 
CH»*OHOH»CHOB»eHa 
«40« 
AseordixigXyji iiMor anAorobie ooMitioos the exoess of non* 
(3SP pyrwtlQ toTsmd aoetaXdohyde la raduced etl^X 
aXoohoX* AarobloaXXy it la oa;liti«ed to oarbon dioxide and «at«8 
fha fersaentatioa of gXuooaa by Baeh* ooXi yiaXded eoaaidai*-
abXa quaxititiea of aaeeixiio aeid# To axpXain itti production 
SolM»ff*r retumad to Virtaaa»»a propoaad 4- aitd Sk oarb<m oXaaT-
aga» iehaffarU avidano# in support of aueb, a tbaory has no 
diraet proof and is antixNiXy airo^stantiaX in nature* In briaf^^ 
it is basod on the foXXsving arguiaantaf Tha general theory 
axpXaining the bioXo^oaX daoompoaition of gXuooae presupposes 
a priaary oXaavage of the hsxosa into two S* oarbon eompounda# 
Sueh compounds as ethyX aXoohoX and acetic acid owe their or* 
igin to aoataXdehyda ariaii)^ through daoompoaition of pro* 
mary 3«» eax^on interaediataa Wit^ such a machanisiiui it is Ined* 
iataXy obirious that each moXe of 2* carbon coapound mat ba 
accos^aniad by a moXa of X* oarbon compound^ l»a«j^ foriole acid 
or carbon dioxide* BanoSji if sueeinio acid wara formed by the 
condensation of 8<»3HI 8* carbon precuraorp each moXa of succinic 
acid wouXd have to be aocc»iipanled by two moXea of a X* carbon 
compound* FinaX3!y^ thang amoung the end producta of faniisntation 
it wouXd ba necessary to accotmt for a quantity of carbon 
compounds aqpaX in moXaa to the n uatber of S-carbon coiapounds 
i 
pXus two times the succinic acid* -Scheffar was unabXe to find 
carbon dioxide and formic aeid in sufficient (|uantity to agree 
with such a condensation* On the contraryby assuming that 
succinic owed its formation to a direct 4* and 2* carbon cXeavaga 
of the glueofte moXecul* haSUmo* ot one fusKi tm oarhon 
eempotuiSa was quite satlsfaotory* 
Zn addition to the above Beheffea* fouM eertain 
differenees between the ferm^tatioa ot gXuooae by Eaflfcu eoli 
in the presence of yt»ast water as eompared with peptmie« In 
yeast water, the ratio of hydrogen to oarbon dioxide was very 
near to one, no pyruvic aoid oould be found, while ethyl aloohol 
and aoetic aoid appeared in equal inolax* quantities^ Su<^ find* 
f 
ings led him to eonelude that the alcohol aM aold were formed 
entirely throu^ a ^annlssaro reaotlon, no hydrogen being 
used for t}:^ reduction of aeetiadehyde to alcohol« fhe faots 
could be explained by the following sohi»]»i« 
C0S2,||O|g CRg 'CHO H|iO 
2C»HoO» 'OH»*CHOH*COOH 
I ^ „ P I 
HCOOH Ca»»O^H 0H»«GOOa CH^*Ca»OH 
OB 
I 1 1 I 
COa Ha CHa'COOH CH«*C%OE 
When peptone water served as the souroe of nitrogen, tlui 
ratio of hydrogen to oarbon dioxide inas considerably less than 
one, pyruvic aoid oould be detected and the quantity of ethyl 
alcc^ol was i^eater than aoetio add* Ho <»cplanatic^ was offer* 
ed for tlui varying retults but anot^r soheme was proposed to 
explain the fermentation of glueose in peptone water* 
G#%i|Oa *"> COOS*CH||*CH||»COOH • GBa*CHO + HuO 
I p-l I 
GaHeOa CHa*GHOH^GQOH CH»»COOH GH^tCHnOH 
i  tot  i  
ICpOa GHg'G^S GH||»GO.COOH • 2 H 1 
I I I I I 
GOn Sn j— 1 G% CH»«€HO i 
CHe'GOOH CH«*CH«OH I 
1 ! CE»»GOOH GH^»GHiOH 
m peptone water^ tlie im^peftsed guimtity of ethyS. alootidX end 
decreased quantity of liydregen would be the reeult of re­
duction of «oB» of the ae«ta34ehyde from the decarboxylation 
ojT ppravic acid by hydrogen formed eliattltaneouely with the 
latter# 
Virtenen# i;aratr8^ and Turpeinen inveetigated the 
fermentation of diox^nieetone by washed euspenelone e f'^Baoh.> 
ooXi* ThB products obtained were glyeeroX acetic and formic 
acids* fheir tmantitatlve resuXta authors oouXd expXain 
only by assuming that a siimiXtsneous oxldatio»^re^otion pro* 
cess tooK pXace betwe«ti two molecules of the triose* One 
sKjXecule would then be reduceNi to glycerol, the other oxidised 
to foKai© and acetic iu>ida« 
S G^H^Oa ** GaBjjOa HGOjjH 
The intermediate steps considered moat probable were given 
as followsI 
GH«ai GH^OH 
CO GOH GHOa 
I II "" I 
CH«OH • GHOH GHO 
fiPft »0l#eul#9 0f t2^ resulting glyeeraldeliyde nndergo « 
Cenniisero reaction to give glyoejml and glyoerie aeid« Vir» 
tanen and Peltola (1909) have found the latter to be readily 
ferB«inted to aoetie and formic aeide by Bech* coli» The ratio 
of formic to aeetie aeid^ when carbon dioxide was calculated 
as fonaic, was very near one* Thus the fermentation of glyceric 
acid f[|ipeared to take place alttoat quantitatively according to 
the elation} 
CHaOH«{?HOH«COOH » CH«*COOH + ^0003 
C0« • H, 
the i^le of pyruvic acid and acetaldi^iyde in the metabol** 
ism of glucose by Bseh. coli was subjected to further investi* 
gatiim by Cook {198^)}* He found that aeration of suspensions 
of the organism in aodium lactate converted up to 9Si per ei»t 
of the lactate to pysnxvate# The fomentation of pyimvate in 
t^e presence of fixatives, (bisulfite and dimedem) gave only 
small amounts of acetaldehyde* The quantity of acetaldehydlif 
fixed appeared to be independent of the concentration of j^rruvate 
used« In ^jrhasi tubes« the fermentation of glucose by Ksch* 
eoli in the presence of bisulphite resulted in th© fixation of 
considerable (luantities of pyruvic acid unacoompanied by 
gaseous h7dr%en» ^e results led Cook to the belief that inter* 
z^diately fonaed acetaldehyde does not arise throu^i pyruvic 
acid but jff'obably by formic acid decomposition of siethyl 
glyoxalt 
CHs*CO»OHO • HOH « OH^»eHO * HGOGH 
deeorapoaltlon of pynavio aeid would b« explained a» Sen* 
feeyg'e (1^14) hydrolytl© eleavage to fowa^o and aeetio aoldSf 
Breden and FulJter (1331) dieouse tlie fementation of 
xylose auad 8ueK)»e by Aeroba<3jter An»erobloallyj> ti» pw&» 
duets resulting from the fermentation of xylose were <iuall» 
tatl'wtly tlm aame as tlwse fotmd in tli© fermentation of glucose 
by jSarden and Walpole {1906), Quantitatively, the products 
from xylose did not differ essentially t^se fr<Ka suerose* 
Aerobleally, the qp«Rtlties of aoe-tylatethylearbinol and earbon 
dioxide were inereasedji while laotie uoid and ethyl alcohol de«> 
ereased# 
Virtanm and Haus«& (1931) investigated the fementation 
of raeemio glyeeraldehyde by suspensions of Only 
the levo»isomer was femented* Bie products found, glycerol 
and lactic, acetic and formic s^cias were the same as those pre* 
viously reported for the fermentation of dioxymcetone* (^irtanen 
SarstrSm and iHirpelnen 1929.) iJhey eonsideeed the most probable 
eourse of t^ changes to capable of representation 
by the follcwing schefnet 
dp-glyceraldehyde 1,-glyeeraldehyde 
t fis ^ 
methyl glyoxal 
glyeerel • aiy»a®le aeld 
lactic acid acetic acid acid 
s« «*• 00« 
-»4B-
WtJteiii md Oiilcm (2.93S)« Inyeatigated tlui feinMat&tion of 
glyeerol In an inorganio m&ivm by mmsth&TB of tha ooXon^aepoganas 
group* Fiftoan eulturas w«ra fomid wMoh pro^oad tz^Bta^yX«aia 
glyeol froffl glyoarol* All eulfcujpea produeing glyool wara 
found feo belong to the eltrate^poaitive, eoll«aer«genea inter» 
mediataa, The inve8tiga.tora suggested thati^ if these inter* 
laediate forms be foiiM to form a natural giemp they should be 
^i^ped under the generio name Citrobii^otar. The suggested dia« 
gnosis is given ast» 
dra^ negative^ non«sporulating short rods with rounded ends« 
Methyl red positive or Intermediate, Aoetoin not produced fr^m 
glyeerol and rarely from gluoose and then only in traees# Citrate 
radieal utilised« Hitxwtes redueed to nitrites* Many oarbo-
hydratesj, aloc^ls and gluoosides attaoked with the production 
of aoid imd gas# Aamonium salts utilise as a source of nitro« 
g©n» Sype speciesi Oiti^bacter Freaadii (Braak) oomb» nov# 
Werloaan and Davis and farnutser (193®} reported that 7g 
cultures of the citrate positive, MiRi positive^ V»P» negative^ 
Escherichi#»Aerobacter group interaiediates« produced trimethyleaa 
glycol from glycerol in a lasdium containing ssimciitM (^oride 
as the sole source of nitrogen. The sedition of sodium bisul|jhite 
fixed relatively large quantities of scetaldehyde and prevented 
the formation of trimethylsoie glycol. Production of the glycol 
was also inhibited by aeration* The highest yields of the glycol 
were approximately one^third by wei^t of the glycerol fermented^ 
indica.ting that one i^lecule of glycerol out of tOberee can act as 
ft iijrtrogen aooeptor for th« dehydrogenatioa of two moXeouX#» of 
glTOoroi# g»eh» eoll> unable to feiroont glycerol anaerobioally 
in & mineral medium^ initiated fermentation after tlie addition 
of suitable hydrogen eeeeptors euc^ ae peptone, aeparagin^ lusetf* 
aldehyde or fumaric aoid* 
l^toxuml (lflSS.,b) «Port.d rapid oonwrslon of phc 
phoglyeerie acid to pyruvic aeid by E»<ai» co3^3^ and &» aerofenee. 
BrookB^om and Werlcman |1933) and Broekaann (1933) inireetigated 
I 
osidatioi^reduotion potentials in relation to the fermentation 
of glucose by Aerobaoter aero<eenea« They found that in the pre* 
senee of a vigorous sugar fermentation, the addition of hydrtigen 
acceptors (oatygen^ potassiua nitrate^ potasslua ftxoaratef methy­
lene blue} had little effect upon the oxidation«*reduotlon po* 
twfitial* In the presence of irigorous aeration the potential 
of a feamientation of glucose was not significantly higher than 
that of the anaerobic control* Aeration^ hc»eirer|, caused a 
pronounc<^ increase in the rate of dissi-nilaticm of the sub* 
strata* As long as glucose vas present the yields of acetyl** 
aethylearbinol end 2^ 3«»butylene glycol were not significantly 
different aerobically and anaerobioally* When aeration was con«» 
tinued after fermentation of the glucose substrate was oosipletey 
t^re was a rapid decrease in the glycol acocmipanied by an 
apppoociiaately equivalent increase in the carbinol* 
Section 3« Discussion of {previous investigations* 
It is not within the scope of this thesis to discuss the 
great im»« of oxporlMontal wor^: itiiob, hm» made It appear pro* 
bable that biologioal <ll««imiIation of hexoeta is preeedUid 
by an initial phospijorylation followed by oluavage of tbe phos^ 
lOiorylated li.eieo8e into tm 3-» oarbon oorapouad# Suffice it here* 
to refer the reader to a few of the many mnographs and reviews 
iSxioh di>al extensively with this phase of bioeh^eal phencfmrnia, 
suoh as th^se of Stephenson itSWf Kltiyver (3J9S1)|| Klnyver end 
Donker (1906)^ Harden (19^)^ Keiiberg and Kobel (1933)^ tind 
lenberg and Simon (1953)« Earlier investigators were in general 
agreeiaent with the theory that the j^mary deecmposition pro* 
duot «as a oompoisnd of the nature of glyceraldehyde or its isomer^ 
hydrated methyl glyoacal* The theory that it wsjBi^ in faot methyl 
glyoacalu foimd mieh support in the frequent deteetion and isolation 
of this oompound from biologieal mterial and the apparently rniXm 
versal o^eurr^mGej, ther«|, of Neuberg*s ketone aldehyde imtasei 
the eonverting methyl glyoxal to laetie aoid* 
lore reoent investigations have made it probable tiiat the 
priisiiry deeomposition product of the phosphorylated hi^xose is 
phesji^rylated glyoeraldehyde or dioxyaoetone or a mixture of the 
two* For an introduction to these investigations mid resulting 
theoretioal developa^ts refer«^oe should be laade to papers by 
£«lwm (1@@0>« Harden (1933)* Is^den* Seutieke and Kriurt <1933)* 
Meyei^off and Meyerhoff and Eiessling <1933)« 
In spite of the extensive investigations l^tiere reiaidns n 
hiatus in our knowledge of the initial stages of the biologieal 
dee(^^sition of hexoses and the role of phosphates in these 
In the woMa of Heuhsrg and SixtKaji (1033)^ 
* *Voa 4(fm i)g«iitien d#a* «rat«n Angrlffa Ikif 4m ^oker vi«sen 
vir heuta Jokuib jmhi?, %%» diMsa dla normalen Sfleeoaaan {mm&itXl&h 
* 
Oxtiooaoj, Hannoaa) in aina raaktioxyifihige Form van* 
wandalni die vialleioht ain inol Oder ein aebiXde mit beaondem 
geiagerter Sa\ioratoff*iar1!ok© i»t«*« 
txi via* of the faot that the preaent inveatigation haa not 
dealt with l^bieae initial stages the above conaideratlona will 
not be dlasussed in siore detail* Sinoe SeiMffep*e CI92e> theala 
la the m&t reowit work reporting extenaive cenaideration of 
the meehaxdam of <!MU!'boh3rdrate brea&down by orgtMiisna of the 
eoloi^erogenea group it: will aerve m a convenient baeia for * 
diaenaaion of previoua work« 
to begin wlthji a pertinent eritieiam ean be draam of many 
of the eoneluaiona derived from hie iHcperimentiil data« &» pre« 
^onaly mentioned, Seheffer'a eaiperia»htal work eonalated In 
deter^ning <|tumtitatively the prodaeta, originating trm m aingle 
oompoiand* glnooaei, whieh were foimd in the liqroor n^oh had 
eeaaed feraentaticm* AM a reault of thia aode of attaok, 1m la 
led to the implleation that^ with the exeeption of forrale aeid, 
the oompounda found after eeaaation of fex^entation are formed 
throughout the eeurae of the fermentation and are not aubjeet 
to further eoxwereicma* Sueli iiaplieationa aiNi drawn, fretj^ently 
in the faoe of eonvinoing evidenoe to ths ©ontwaupy# In ooimeotion 
with thia Seheffer, in oonaidering the forraiatlon of jaeetle and 
formlo aelda daring the fermentation of glueoee by A» umQ.mnm 
disiaiaaea t4ie poaaibillty of these two aelda being formed by 
the hydrolytic eleavage of pyruvic aeid aooording to the ^uationt 
CHa*0O*COOE + HOH —> CH^OGOH HC0OH 
It me^ ver>« tim <^ee, he reasont^ aoetie mad femie aeid« 
voiiM s«ee»sftrl3.j appoar in e^ttal mXxp pr&portlom whSla hi» 
results ttiiifoxml;^ ahcnred muc^ la:pgi»r quantItiaa of foiraaie than 
aeetie aoid* The above eqtusaity vould have to hold ttnless aoetie 
aeid vae aubjeet to farther ic»)nver»lon8« For 8u<^ a oonoepftion^ 
Seheffer there i« no evidenoeji failing hoirever|» to make any 
•uggeation of what the eontrary evidence m ight b#» IPheee state* 
ments are made in the faoe of the well Imown reversion df aeidity 
eaused by A« aerog^see in glueoee media. In addition to thi!i| 
Ayers and Eup> (1@13) ten yeare before had eoneluaively dioaon# 
strated not only that aoetie aeid added to fersamtatiqaia of 
glueoee by aerogenee type# underwent a dee^eaee, but that the 
aoetio aeid formed from tOie gluooee itself inereaaed in the 
rai^um to a mximm and subsequimtly was subleeted 
deerease* 
Xn eontinuingy it will be SNirnHKobered that Qlma%*t iX99i&l 
showed that of 10$ eompounds tested, 66 were aetivat^ by mSf 
eoli to donate hydrog^ mnaerobieally to mel^ylene bl«e« A3»ong 
these eosqp^mndsi, witih the escoeption of ethyl aleohdl|r were all 
the promote noaaally pr<»diieed from glucose by the sss^ organiim* 
Xn addition^ Ooo^ and Stephenson (1928) de^nstrated zsancmetrie* 
ally tim aerobie oxi^tion of laotion aoetie and for^e aeids by 
mispe^ions of ^seih* ooIf « '£he lar|p» number of publieations by 
^uastel asul ocMPVorkers^ and Stephenson eyod eo^orlwrs, dealing 
in moz'e detail with aotivations by organisms of the oolon<* 
*60* 
ii,#ros«iii8 need not b» eitad her«« Snfflee it to »K$g 
tlmt %h0 aetivation^ botli aerobioally and anaef*dl}ioft3lly| ot 
praotleally all the prodnots fof*m«d by thoae orgsnisias from 
glueosa bat baen affeotively dai^anatrati^* 
If than^ tbe organiiim aan siotlvate oompoonda to donalia 
hyirogan to an aaoaptor lilea matbyl^a bluaj^ tl»ira la no z»oaaon 
to rajaot, la tl» abaanoa of any oonflieting avidttnoa# the 
poaalMlity that ^ba aasui aotivationa ta^a plaoa In the px*9« 
aanoa of lii^fOrogan aeoaptora pi*o<9^oad during gluooaa diaaiaiiXation^ 
lndaad| it would aaam highly probi3»Ia that anoh raaotiona do 
talsa plaoa and that the iiuantity of any product found aftar 
e<rasipXation of famantation irapraaaata only tha diffaj?anoa bp^-
tiiaan tTm total faantity ps^duoad and that part »«P:»jaotad to 
fsiriaaar coniraraiona# 
Xh ona of tha pravl<maly dlaanaaad publloationa by 0ray 
(1919^1^ pariodlo anal:^ia of a farmantation of gluaoaa by a\ta* 
panalona of Eaeh> ool3^ waa isada«* It ivaa fotmd that during tha 
ooitFaa of the fermentation no eonatant ratio between tha ^[uantity 
of any one produet and tha quantity of gluaoaa fars^ntad could 
ba Suah raaulta oan only ba explained aa either c^tiangeai^ 
during tha oourae of tha fermentation^ In tha relative rates 
of fortnatlon from gluaoaa 6t the varloua i»!*oduot»ii or by aub» 
aaquent aomraraiona of theae productag or to a oc^i^ination of 
the two affaot9« 
It saay ba reoallad that Qoaatal and Whetham (1904) da*» 
3»»natratad that Saiai* ^11 la oapabla of aatabllahing tha 
•q^Ubi^ltaai 
Suecinie aold motliylan® blu« :.»• foaarle m&id •i-
lomao^methyXetie blu« 
Xn addition, QuaateX hftd proviou9Xy 0hoim i^t both «meeini« 
asd fiaayftrie aeida var« oapabXe of »«nriiig as tb» only earben 
•<3u?e« for growth of lagh eoli CQu*«taX X984). 
fh« variatiozis in th« yieXd of aueei^o trm tho 
fameiitatloa of giuooaa by laeh« aoli raportad by diff«r#&t 
inirastigator«t ranging from t3?«a«a up to SO par eant ofltia 
$,lvkm§9 auggast that uBdar a<^a aonditiozui It may 
play an important roXa a« an intamiadiata produot* Support of 
msh a am6Bp%lm nay ba found In dray* a (1984} pubXiaatlon* Ha 
raported that tha farmantation of aueoin? e aoid by 3^ah# ^li 
gmo as and prodnota alXi, vith tSia aacoaption of ati^yX aXoc^X^p 
0f tha p»oducta noraaXXy ppoduead froai gXuooaa« 
Bafora Xaairin^ this diaousaion it may ba vaXX to ooiuiidsr 
briafly tha ^aoriaa ragparding tM formati^m of aueeinie aaid« 
Gray CX9X9a^ aXraady auggaatad that it vaa forbad thr(^gh 
eondanaatim of two laoXoouXaa of aoatio aoid* He diraot 
dfaotoa waa praaantad and up to tSm pvoamt thara la yat m pi^f 
t^t baotaria oan oauaa aueh a aondanaation* On tha othar handj, 
Butk«.it.<ai »d P.do«ff (M80.,b) I«i« Bh>mn that oulturM of 
Maoor atoXonifjsr ara abXa to. prodaoa suoointo aoid in a i^tdium 
Qcmtaining aithar athyX aXoehol. or aoatia aeid as tha onXy souroa 
of aarbon* A aimiXar produetion of auoeinio from aaatio aoid 
isf waa ftlto mom by WielmA and (I938)« Tkm 
8ugg0«tl02i of &» Qrnff mSL lA fhrpi^ (X9S0) t&« fomatten 
©f «ueclnio aeid fey Bgeti« aoli ygsulted tJwou^ eondeatstioa of 
i3atdm$dil«t«Xy for»«d ftootaxdoliyd# h»j& ita only indi^reot 
9rfi^mam In timt aueeinio aeld vatuited from tha feriaiintation 
of a 3« aarbon oompmind, glyaasH^l, 
fba aitarnativa thaoi^y ra^ardinji; th» aioda of tovmtlon of 
aneeinie aaid vaa flrat pt>opoaad fey V±v%mmn (1926}* Ha fmM 
tMt gXaaoaa was eonirartad fey toXuan* tiMMitad auaiienalona of 
propionia aaid feaotaria to an 0qmX molax* miJctija'a of auoolnia 
and aoatia aoida* Ho deoraaaa In inopganie ph&ti^vpaB aaoom» 
pimitd tha aotion of t^a toXuana traatad os>ganli^ on gXnooaa# 
Tlia rasnXts Xad Vlrtanan to eonaXuda that tlia two aaida ]*cauXtad 
tlix'on^ a diraot 4* t* fMtrfeon aXaavaga of th» tmpliosphoryXatad 
gXn$oaa sioXaouXafl * 
paf>tinant oritieisosis oan fea draim of the avidenoa anfe* 
ralttad in favo*" of tha thao3?y» In tlia first pXaoa %tm far^nt* 
ationa wara aarriad out in teat t^feas aontaining afeout jlo isX# 
of »tdiia« fha amaXX qt^antitiaa uai^ raauXtad In the naoaaaity 
of carrying outtha quantitative aaaXyaia on aliquot portions of 
faraantad liquor eontaining only m* and a Ja^Xf to two miXXlrBoXa 
aaoh of the two aoids* SaeondXy^ the proi^etion anaarofeiaaXXy 
of equal »oXar quantities of auooinie and aoetio aaida wouXd 
retire t&e aiinuXtanaoua produetioa of a rediiead produot aquiva-* 
lent to the suooinio aaid« Ho aui^ a<»Bpouiid,«aa found* The 
raauXts need oonfiraation fey other investigators* 
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«64» 
w«3LI expiftined by aupposliig that earbon diosElde £• to 
fo»mldeiiyd«, th© latter undergoing eondeafatlon to a loagej* 
oarbon ehaln e^mitmand in mm« faehion eu(^ ae P9pp«»mt«A by 
t^e follicmifig e<|uatioBet 
8 0O« • 0 Ig « a tOOOH 
3 icooa 1- g Ha • 8 smfm + s HuO 
4 mos « 0BE«GHtC»0 
0a,OH»e3O • H, • CH^OHO 
Sueh a poeelblllty, hoarever, Seheffer dieniieeee ae highly im-
iKPobable imd without direet ^jcperiiomtal proof, fhe ease laok 
of expei»liiieiital proof for a 4-» §m 8- earbo» oieavago of the 
iMHiEoee aoleoule is not eonsidered detriineiital* In addltioiif 
he fomid the same fihorta;;e of o^^e earbon oompouadsia the 
fermeiitatioa of glueoee by gherthella tinahi* With thia or» 
gani^mjr m gas w^e ppoduoed «hi!b» eoneiderable quantities of 
fomie aoid aeotMulated* Sinoe no earbon dioa^ide is available 
for redaction Sciieffer »ay# there i» no poasibility of ex­
plaining the relative ^entities p3w>dnoed by g* en basis 
of su<fti a reduction of the 1» carbon ooa$ound and eubse^ent 
eyat^wtsis# Appju?ently Soheffer has overlooked ths fact that 
the same results would be obtained if reduction started wil^ 
the second eqcoation, above, as with thet first, i*e«j^ wi^ forsde 
acid* 
from a biological standpoint it is not i^ediately evident 
i&y the possibility of bacteria bringing about the sjnthesis 
of i** carbon cc»apounds to more eemples: compounds should be se 
»Kigm«riXy dismissed* iiieh syniaietie ftetiTitiea are ommBX 
l^pertiei of %lm pi^taented plmt oella# fliat eertain l)iM9teria|, 
ia pirti^lar the purple and green auli^mr baeteria, are ©ai^. 
able of syntluiisiisg 1« earbon ocmpouxida to xaore oompl«x aiiiruefe* 
tire# baa been effectively demonstrated aiaong others by Vaa Hiel 
Citsg), 
fhere is little doubt that the adduction of eax^on dioxide 
by the pi^aented sulfinir baeteria oan take plaee with the inter** 
vention of radiant energsr# fhe possibility that i«»a*pi®Eieated 
bacteria such as thds# of the ool<m goup laay bring about similar 
re^etiozui in presenee of energy loade available daring the 
fei^si^tation of gluoose eannot be denied without furtdbi^er in* 
vestigation* 
In addition^ two papers by Fiseher^ Ideilfee and Winter (1931^ 
191^) my be significant* they reported that oarbon aonexide 
mixed wit& hydrogen ever deeaying sliiOge was reduced to me^janet 
Ividenee laade it appear that reduction was preoeded by a re«* 
action between the carbon monftacide and water to give eax'boii 
dioacide* Subsequ^tly they found that a purely inorganio £ied<» 
ium oontaining p^eeipitated eolloidal ferric sulphiSe and in* 
oeulated wif^ the sludge could QiR3u»e the same reduction# Under 
these conditions a large percentage of the carbon dioxide die* 
appearing could not fee accounted for as Emsthane# Quantitative 
analysis gave the following ca3*bon balancet 
changed to GM4, -••hi- 1Q«4^ 
Changed to CHuCOOB 33*6^ 
u n c h a n g e d  — 4 0 * 2 ^  
\inaocounted for •••••*• 13#8^ 
In it wma fowxSL that the eftrbon dioxiaiN-
t^aaotion took plaoo ovor a puyoly inoygwiio aioditm 
oontaining m eoUoidal preoipitato* In tliasa easaa^ th«opot«* 
loal ^uaatltias of aeetlo aold wara foraad vitk no mtlmmt 
Staplmaon m& Stiokland {t9&X) danonatifatad tlia i^dnotloa 
of i^tls^Xaiia Tsf zB0l«eu}.aF l]i3rdiM»gaa in tha p3m»m<m of 
Baaii* eoli* In a aal&aaquant pablAoation Stapbanaon and Stiok«> 
Xaad (3.9S3) raportad tlto iaoXation fipom jdvas' moA of a oi;tXtux>a 
aapa%>l6 of i*aduoiiig earbon dioscida^ eapbon aonoscida «»d fomie' 
aald in Hia praaanoa of moXaauXaP 1^7ds>ogai!i« In oonelualon 
it raajr ba aaid that^ acmtxwry to 9aliaffai'*a euntantlo^ thaiNi 
ia03?a tridanoa in favwf of ba^tarial radiation of 1«* oarbon 
/ 
mm^vmiSkt tliara is in favor of 4« and $«earbon oXaavago 
of tli^ basKosa aitoXaouXa* 
Fiimlif^ tbara la ona iaora point whiob r^iraa oonaidaratioa 
in oonnaotion vfith tha maelMmiam of formtion of auceinio* AX«» 
tliougb Sfl&affarta raaulta^ aa praviously diaoiiaaad^ ap^aa with 
tita tbaor7 of a 4*» and 2- oarbon ^^aavaga wmy of tha baXanoaa 
raportad bj pi^vioua norleara^ parti euXarXy Bardan and Ura^r «ro 
far from baing in a^aamant* This divargaaea appaara to ba 
graatast in farm^tations vhara onX^r «saXI q^antitiaa of inooinia 
ara fonaad* Two fansantation b«ianeas takan fr<»a Sre7*a (X9X3) 
pnbllaation are givan in tabXa Tha produota hava bai^ ra« 
oaXonX&tad from his data and givan hara aa miXXiraoXa of pro* 
duata par XOO ps* of gXueoaa fariMtntad* fha rasuXts ara takan 
tvm Vm faraantationa, ona by a nonaaX strain of Bafdi> eoXi 
othtr hf «L vtuclfint selected te<m ehlorseetftte ftgat* Otlie^ 
reXatioiti trnva been ealeuXated m<A inel\i4L«<l in the titble* 
Bxaisimtioii of tbe d&te sbov* tliat the divergsoiee betveim 
i&m Quantities of 1* and 2« earbon eompovti!^ is itmeh too gfN»at 
to be explained aooording to 3oheffes>*s sebi^* Tlaat tM« ean 
haLT$Xj be atti»lbnted to analytioal ©rrort is staosn by mvf 
•atisfaetoi»y oafbon and oxidatioxi*x«ed»etion baianees* 1%# 
traltte of tibese baliuioes in obeelidng the aoenraoy of d»t«nBina-
tioiui is diaenased tinder ealenlations in following copter• 
Bmh reanlta might indieate the syntheaia of 1* eai^n eoia* 
pounds to a si^re oomplex struotnre* At ti^ s«ae timp it wees' 
be mentioned that^ with the eaeeeption that it is leas ort^dcac^ 
ta^ere appears to be no valid reasons for eonaidering a ^reot 
elea'rage of the glueose noleeule into three Si« carbon oos^ 
potinds^ as less probable than the frequently postulated 
and 2» oarbon oleavage* fhe qiuantitative relations oould be 
explained f^uall? irell on suoh a basis* 
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Products in itiM per 100 gm, of Glucose 
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in tOnoir «xpittii«tio]i# tbo zBeohftnla^ ot biologle*! 
0onv«r#lo»» b«dom«s inoi»»Mlng3.y otmpl&x* 
In trndertoldi^ a eonsiddFation of the me^ftxiism of biologioia 
diaaimiliitioxi it may be w«3.1 to reoognis* first, that ftbsoXute 
proofs iKith ffiw (KSdctptionf^ of th» o^^curmioa of a auftpoaed inter* 
xnsdlftto at«p is ifflpoaaibla* The rate at which a substriita 
such as gXuooso is eomrartsd to its «iid prodtaets appears gan* 
©rally to b« eenditioaed by ths y«t« of ^ priisaary ooaTorsions. 
fhixSy eoiapoYmda oocurriag as ixitarauii&i&tes navorj, i»r otily 
tmdar abziofml oozuiitions, «oetiBmlftt« in sui^iaiont quantity to 
b# dataotad* Baeausa of suoh diffioultiaai^ wa ara limited te 
the eonsidaration of tha ralativa probabilities of om mode of 
raaation as eoapared with another* Hara wa eonsidar^ then, 
the 8»»Ans available for drawing sueh oonolu«ions» 
Olrrioualy, we have one already at hand, the reported inireati« 
nations of previous workers^ A critical evaluation and oo!^|)arison 
of available data may frequently lead to tha development of mm 
ooneepticms* S€»ie attest to do this has been made in pre« 
vious cbapter and will be eontinued uisder discussion of results 
in suece«4ing chapters* 
In addition, valuable infomation tmj be obtained by carry-* 
ifi^ out the fermentation in the presence of §m» added oonpoux^ 
wM^ will reaot with suji^sed intermediates (Keuberg's Abfaag 
method) ajad result in their aoeun»lation by rendering thea 
iBssune to farther attach* Again, this is not proof of the inter* 
m^ary role of a compound. As has been suggested, the acouiaula-
tioa «u<^ eondltiona aay be the v^mxXt of phyeiological 
response to the flxetive* Indeed^ It may be tbatf as Sostytsohenr 
et» al«, (1930) have suggested, the pi^duots aoetBmiated In 
the presenoe of fixing agents are stabilised foisros of highly 
aotive fiHie valent oceapounds# If^ hcwrevep, in addition t© 
isolation by fijcation raethods^i the oosapound iMUi be fomented 
to give products formed fv<m the original substratej^ its role 
as an inte2?siiediary amy be eonsidex^d as hi^y probable* 
Zn addition to having soae eonoeption of inter^diate steps^ 
aeomrate Isaoirledge of the quantities of end products is neeess^ 
ary# Further inferences may be drawn from results obtained in 
the following wayst 
1* Analysis of the pro€teiote formed by the fementation of 
probable intermediate ec^pouadSi* both alone and in the i^s^eioe 
of a fem^ntation of the sugar# 
S* m»termin&tion of the effect of varying oonditions upon 
the ratios of end products» 
3* The periodic study of the products of fer^ntation-
and resulting detenaination of the relationships betnes^ sub« 
strate and projects throughout Ifae course of the fem»intition« 
4t fhe comparison of end sspoduots fvmt different 0a3^»»« 
hydx«tes* 
Section S« Analytical methods* 
CWtWltTdCTttM. 
aiiiao»«. Sluoos* «u dctamlDed asoordlng to tl» matbsd 
9t Vtmuon and Walk«r (2.906 >• Provicnjis to tiM determiimtionji 
th« sttspld was dappotainated with i^8£^t\mg«tlo aoid* In 
ganapaX, HO ai« of tlw madXum vaa daprotalnatad hy traatitig 
vith X ml# of 80 per oexit phoaphottmgstio acid disaoXved in 
§ per oeat atiXplmrie aoid* Vhm the medium waa atrongXy miff-
ered^ partiouXarXy idiea aoditim bdoarbonate served aa the buff­
ering agent,! it vaa meeasary to aeidify with diXute auXphuri© 
acid in order to obtain aueceasfuX eoaguXation of t&e proteina« 
FoXXowing oimtrifu^fttion, an «^qtuot portion of the supernatant 
liquid representing XO stX* of the originaX medium vas made up 
to XOO aiX« A 20 or 60 mX. portion of tiie resulting soXution 
was oaeidised with FShXingU soXution* 
Sinoe aoetyXmethyXearbinoX rapidXy redueea FehXing*s soXution 
it was neoeesary to eoz>reet for that reduotion wheoi the oarbinoX 
was piHieent# It has been fouM in this laboratory that j^are 
aoetylmethylottrbinoX when treated by the method of lionson and 
Walker gave an aweraga of S*14 ag# of oopper oxide per mg* of " f 
oarbinol# From the totaX w<ei|^t of oopper oxide the eopiwr 
oxide e<iuivaXent of the oarbinoX, determined aa desorib^^ Xater, 
was subtraetedy the differwioa baing the weight of oxide due 
to oxidation of the sugar* 
3EyXQSe» XyXose was detenained in the same mazmer as gXuoose* 
Sinoe the reduction equivaXent for xyXosil by the Munson and 
WaXker method oouXd not be fouaa in the literature it was 
neoessau^y to estabXieh a ratiOt Crude xyXosej^ reorystaXised 
three times from 90 per eent ethyl aleohoX and dried to oonstant 
weight In taeusM mt 60®C», ^ve m mvplj wMte povder* Aliquot 
portions of & ciu?«fully prepared solution representing welghte 
of sqrlose from 5 to 100 mg# were treated aooordlng to the method 
of luneon end Walker and the equivalent weight# of ©opper oxide 
detemlned* The results are sluiwn in table I« 
fABW It 
RIUTIOII BlfWSEH mimSB OF XXLOSE AID COPPSR OXIDE WITH 
MBfHOI) OP MtmSOH AHD WAIKSH t 
Weight of xylose Vel^t of oopper 
In ffig* <»slde In mgt 
B 11,9 
m ma 
40 96*8 
m 113.8 
70 157,6 
100 8t3»0 
In all oases the oopper oxide equivalent of xylose wiui 
very nearly the ssste, averaging 98*8 per oent of that given 
for gluedse in the Munson and Walker tables. In subsequent 
deteralnations th» xylose was oaloulated from the oopper oxide 
equivalent given In the tables for glueose with the minor oorreot« 
ion neeessltated by the above results* 
gaseous xa'oduots* 
garboa dlcaclde* Oarbon dioxide evolved during the ecmr&e 
of fersientations was deteamdned in one of two ways* In sooiMt 
experj^tioits It was simply eolleeted in soda lime tubes and 
weighed* In othersj, gases were oolleot<^ over salt satur<» 
ated»earb©n dioxide saturated water; Portions of the gas ailx* 
ture were &tmm off, after measurwaent of the total voluae. Into 
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to ma Appropriate «b«©rption ti«iin of U«tubo» fiiXed with tcMUi 
lime* A q^oimtity of dilute (B& per cent) eulphoric aeidy 
eXightly in exoeet of the e^idvftlent of the initial oaloitim 
earhoziatej^ vaa added elswly through a dropping fui^nel# Coiaplete 
transfer of the oarbon dioxide to the soda liae tube# was ae^ev* 
ed by bringing the mixture elcwly to a bell while aerating with 
ft slew stream of carbon dioxide free air for a period of ism to 
three hoars• 
a3drofl&aB» Hydrogsaj was determined by measuring the re«* 
dttotion in the '^rolunuft of a mixture of a tetown voltcae of the 
evolved gases with oxygen after aoajimstion in an explosion pipette# 
A6et;rl»eth3rlearbliMal> Aeetylaethyloarblnol was determined 
<m sepiLrate portions of the feviMinted liquor aoeording to the 
method deseribed by van Hiel <19@7K Stahlyj^ worUng in this 
laboratory^ found tbat 'fois method was not quantitative« Fore 
aoetyliBel^yloarbinol was prepared by washing with oold ether^ 
the carblnol prepared by the Zxieidol Corporation* The product;^ 
treated with iodine in the presenee of sodium hydroxide^ gave 
iodoform In quantity indloating purity of approxiioately 100 
per OiBit* Analysis of the purified naterial by the above met^bod 
gitve nielEel dimethylglyoxiiiate equivalent to an average iwoovery 
of @4 per oent of the theoretieal# In carrying out analyses 
ths oorrespoi^ing corrections were laade* 
Ithvl aleohol# An aliquot portion of the feraentation liquor 
mm distiXltd slcwXy vith th# use ot & frftetlonating o&Xusm 
until »pijeosEimat«ly tifo»tMi^« diflttiXlod overt foata on knoim 
aoXutiona of ethyX aleohoX allowed the distillation maiSEuad to 
effeotiveXy r^aove 98 to 100 per oent of the aXoe^oX* In ««• 
periaents where this diafrlllation wea made on liquor oontein* 
ing unfemeated auger, the liquor wea first aeidified to eongo 
red in order to prevent aXlceline deoompositlon of the sugar 
resulting in interferenee with suhsequent determinations» 'Ihe 
distiXlete was made eXlcsXine to phenolphtheXdin and oonoentreted 
by one or two auooesaive dietiXXetiona to a voXtsne of 100 mX«, 
A 50 ml* portion of the distillate was oatidlsed by the a»®i©d 
of Stahljj^ Osburn and Werlteian {1934>« the resulting aeid solution 
being titrated with standard alkali* It le^ould be mentioned 
that Stshly et» al»j| fdund that ostid^tion of pure e^syl ftle^»»l 
solutSims by their method gave an average yield of aoetie acid 
eeoounting for 94 per oent of the alaohol« this is not made 
» 
olear in the paper^ but the eorreetion is required* mSM 
eolation was fr<i^uently eSieoked by partition with ethyl ether* 
Fartitlon eonatants, so obtained, always Agreed elosely with 
those of puiNi aeetio aeid, indieating that no other Aleohol 
^an eth|l was produeed by the me^bei« of the eoloQ«aex^ge3aas 
group used* 
With the neutral distillates from fermentations by AsrOf* 
beeteg ^ndoXogemeM the aloe^l determination was complieated 
by the feet that the distillates contained appreoiable quantiti«s 
of the aoetylmethylcartoinol present in the m^ium# tEbe esa^lnol 
hy th« oxidsktioa mothoA is oompletely c»iidl«dd to aoetie 
mcM, @Aolx mol# of G«rblxioi glaring two moles of aoetie aoid* 
To oorreot tlie preeenoe of the oarbinol, « aepttnite portion of 
the imtrel distillate was use4 for the det^HmlnatioH of ftoetx^^** 
methylearbinol as pre^flously deseribed* mm aeetie aeid ^i« 
valent was suhtraoted from the total deterained hy titration^ 
ti» differenoe heing aeetie a^id from the oacidation of ethyl 
alcohol. 
Bm 3*>%fttyleae glareol* The detenaioation of 8^ S^hutylene 
glyeol was aade aecordiiag to the method of SroelaBann aad Werk* 
mm (1^3) as modified by itsiay and Werloiian (1936), The pro-
Aesdxire desoribf4 was slii^tly nw^fied in that the aeetiildehyde 
fros the oiEidatioa of 3«!>butylene glyool was oolleoted in 
sodiim bismliOiite and determined as desoribed waOBr ^e deter* 
aination of laetio aeid« 
In oases where unferRfeented si^ar resixaiBed in the meditm it 
was neoessary to rem>7e it before earrying out the aUcaXihe 
distillationf Falli«?e to do so re-salts Incarameliaatioa of 
the vugar, giving rise to oompotuods whleh interfere with the 
fubsia^uent determination of laotie aeid and e«ase exoeesi^ely 
hi^ resnxlts^r E^aoval of reeidual sugar was aeoc^liiifoed by 
the eop|«r*lime preeipitation as desoribed by Hewitt (31^1)* 
When ooasiderable quantities of wzgar were present it was soiae« 
tiiGMis neoessary to double the omoantA of copper sulphate as^ 
liiM suspension in order to insure apispoociaiately oomplete ppe* 
oipiietio^« 
'SB* 
Aeatie »el^» flie «ombin«i<l romiLindDg the 
w«p# aeidlfiftd with diimte maphurie 
to ooiigo ve€ uM. stoin distilled* With fexmeiitations by Ei<^» 
OQli «nd Sityobaetoy Fyaiandll. two liter® of «te«m dlstillato 
w«3P« eoll«6t«d» In some «*|>erliB«nt8 wbero eonaldorable (juantitioa 
of i^ry«''rlo aeid w«r« pi*odiic«d|. It dittlllod ©vor to an appreel-
abl# «xtmt* When tlmt happenad, tba ataam distillato was mada 
allcaltxie^ a^^apox^ted to about goo atl«|» aeidiHad a:^ atom dia* 
tillad a aaoond tlaia. Tills p?*oeaa<lEEPa was fotmd to all 
bat tPaeas of pyruirlc aeld from tSia staa® distillata and ^ 
resulting aoid aolutlon gaira partition oonatanta ^ 
tba matl3od of Oabiirn^ Wood and Warlcnaazi (1933) agraaing elosalT-
with tboso for a mlxtura of forsilo and aoatio aaids*. 
WitSi Aarabaotar* undiar tba i»parimaiit«a oonditiona usad^ 
011I7 traoaa^ or at moat^ varr leaall q;uaatitias of laotio aaid 
wara pro^aad* '^his faot pan^ ttiMl tlia uaa of tha diitlllation 
•mathod of Qlmfltaad^ and Dudan (190$ K 1% wai 
tbaaa ii3;ira9tigatora tbat, if tba ataam distillation waa mada 
tem. a solution to nhX^h aiasaaaitam sulpbata bad baesit addad to 
ajctant of ?0 £pt« par lOO ml* of solution^ tba -o^latila aoi^ 
oould ba eoaplataly diatillad oirar la oaa 11 tar» «Hia laatWod# 
l^avarp oaanat ba usad in tba praaanoa of larga quaatitiaa of 
laetie aeld« fha addition of laagaasium sulphate iaoraasos tba 
rata of diatillation of laotio aald to suob an axtant aa to 
interfara witb tba volatile aeid dateraination* ais Is abown 
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0*1^000 gm* of ftoetyXmetliyloarbl&oX gaT» Q.00464 G(^ 
hXmaik d®t«2^aatl(»is gUT* 0«0044 ftz^ 0«0Q46 g»« 0^ 
forL-,.-yoiatll» aelda* 
3hytyyie Pytwle aold *a# det»miii«d by tl» malshod of 
SiiBon fmd H«ab93?g (3J931}, 
lAOtlo aeld* lA©tle adid wa# detawalned by taa® ai&tJaM of 
Fipiadenmim and Kendall <19@9K flie detexoinatlona were »^e on 
•epaimte portions of the fe»entatlon lituor afte? de*p7€>tein» 
ating and de»sugaring as ppevimisly desorlbed* 
fhe laethod of Friedemam and Sendall is not applioalJle to 
laizttzres of laetio aoid vith 2, 3«imtyl«ae gXyool sinoe the 
latter is also eacidised to aoetaldehyde* With fesraientations by 
Aegobaetey IndQlogeiies* the laetio aoid was detemlz^ on the 
x^sidae regaining from the 3*butylene glyeol distillation* 
The residue was made to @00ml« One half of the resulting solution 
was neutralised with 60 per o«»at sulii^urie aoid and used for 
the laetio aoid determinatifina* 
Suooiaie aeid« Suooinio aoid was preoipitated ami weighed 
as Silver suecinate« Tim residue r^&aining after the volatile 
aoid distillation is evaporated to siaill volt^ and taken up 
with iHBhydrous sodiu» sulphate* The iaixt\irejr idbdoh beoo^s thor*^ 
<mghly ^ied after standing oveamight at rooRi*t«®peratMre^ is 
ground s»d emtraoted for eii^t l^urs with et^l ether# ®Ni e**» 
traotjp after distilling off the ether|, is made up to 100 ml* 
with water* An aliquot portion of resulting solutiofn &s 
made aU^line to phenolphthalein with barium hydroixide ^icm 
•"fU 
of barlTm |^«phate r«BOir«d t>7 filtration* Tb» 
filtrat# it "barely aeidifiad to phenolpiitlmlein wltli os« 
nozml nitric acid and %h» sucolnio acid pr«olpitat®d by tbe 
addition of a slight ezoasa of 10 per cent silver nitrate 
Bolmtion# The j^eoipitated silver euocinate ie oolleoted in 
a jSooiSi ©rueible, washed with water and ethyl alooholi, dried 
one h<mr at 100®G, and weighed. 
Se«%i^n a>rrang<naient of eaiperiiaezita* 
Fera^itieitions were earried out both anaerobieally and 
under eonditions of aeration. Anaerobic «]cperiaents were arrai^* 
ed in one of two ways# Xn eacperiaients where tb« carbon dioxide 
was collected in soda lime;| the isedim was kept anaerobic with 
a $Zem streikm of oxygen frecj, moisture saturated nitrogen^ With 
collection of the evolved gas over water« the medium was made 
aimerobif by bubbling a stream of nitrogen through it fofr Jialf 
an hour immediately following inoeulation* fhe flask was then 
connected immediately to the gas collector* 
Vhen conditioiui of aeration were desired^ the fewmmt&tlon 
flask w«8 fitted with an entry tube extending to tSie bettom 
and supplied with a small bass«»«ood block on the lc«er end* 
She entering gas was forced through the block, emerged from the 
wood pores and entered the fermentation as a fine spray of 
bubbles* 
Fercffientations designated as aerobic were carried out in 
cotton stoppered flanks* 
Most of the experiments deseribed were carrifNd mt in a 
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S«fttife» aF« givon fl.8 laiXliBioljil of product per liter of 
medi^^ In ntsie^rouft omos, for oiuie of ompAris<m|^ results 
iisve jiUso been gilirea as mXes of p3f0duot per mole of sugar 
ferawated# 
^ittrbon balanoes are oaloulated by multiplying each product 
in miilimols by the munber of o«rbo» atoms it eoattSkias and 
/ it;Qs^ti<m of tb^ earbon values of all the jpsKidaots* 
03eidation'»r#duotion balaaoes are oaleulated as suggested 
^y Johnson, Fetejpson aad Fred {1951) • They are reported in the 
tables as the riitio of ^ of c^afeion values 3^ whioh a ratio 
itxBi of r«auetiioii vaiuesj^ 
et^ual to one re|resent0 §. perfect balanoe# 
The Investigator Iws two mmaarn of ohe^ng the iirobable 
aeouraoy of his feraentation balanoes* Obviously^ if the ear« 
boa represeatedf by the pro#aets fouud is not suffieient to as-
oount for all 0^ a large peroexitage of ^e ^Mrbon of the fer* 
mented substrate, the analytieal awethods are in error or tm-
, i 
detel<^ned f^oduots have be^ produoed« in addition^ when the 
fei^mtaticm is oarried out anaerobioallyt o9cidation**re«* 
duotion balanoe serve* as a further valuable oheok* The aldoses 
suci^ as gluoose oontain hydrogen and oxygen in the same ratio ss 
these el«BientSi are present in water, Sinoe^^ uiuler an»srobio oca* 
ditions, water is the only souroe of additional hydrogen or 
ygen, these two elements should appear among the final produots 
In the seme »Ua.'U. KtW, 9T "fgOT . , If both 
1/8 ato^s of hydrogen * 
/ i 
luad (midRtionwr9^otioa bftlane# vitliin 
tbit XiMta of ®j*ror^ tb« investigator imy b« F*a#oai.bly ««f» 
in oAsn^zig thftt M« mr9 
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[ibA sMldliai h»iSL a iNMioUoa of jiS •» 7*1. to 7*S aft«f «a%oe34ivi&g« 
In 6a3n:Tli% tha fanaantatioa t«a%« tba foUoiiing taalmlfua 
vas ttaed* fubaa of ttm abova aadim vara inootilated frc^ 
t«ant7«»four hmur agar alioita and ineabatad aarobioally f«^ 
hcmra at 97^* From the SAttar tstbaa^ duplioata 
traaafara of one Xoop eaali wara nada to tubas of tOia aam 
medixait mm tub# than balng inoubatad aarobloaXXy and o&a an- . 
aarobioftHy* Xn all oaaea^ an uninomiiyitad tuba of ^ joadium 
maa inoubittad vith tba Inooulatad tubaa* fha 1 ndieator In 
eontrol tubaa Iniraribl; rasoalnad unobangad. Anaarobloaia vas 
aaourad by ineubation In a ymmsm daaiooatorj^ «hioh v^a airmo* 
mtad tbraa timaai and fillad with nltvogim in tba praaanoa of 
al^alina pyrogallio aald* A raduaad tuba of blua In 
ftllsalina gluooaa aolutton waa inoludad aa a oritarion of an» 
aarobloaia* 
iroltffliaary taata wlttoi a maaibar of Indioatora 8lij®fid.,..tl»t-..^ 
bromoraaol pfurpla gava tb« optloal aapasmtioi^* k aiiab#r of p 
atraina of typieal SaohegteMa,^ Aarogamiif and CitrobAgtar «ar# 
l^n taatad in tho daaaribad mmmv* Tbo raatilta ar# aa@«Bibl^ad 
in ta^ia X» Obaarvation was oesitinued for 84 boum* 
fb0 raaults tibem littla diffar^oa bat»a«i tha iiaita of 
aoidifieation by Aarobitotar and- Oitrobaotar# but Bi<M»riebift 
ap|»aftrad to be taarlcadlgr ix^biad by anaarobie eonditiona* 
Th» expariment «ma raj^tod in ft IfoXntost^Fildoa aaaarobio 
Jar« Tbo raaults ara aaaaablad in tabla XX« obaerration vaa 
oontinuad for 144 boura* 
. pi>oaotizieed difforezioeai in the rosulta shoim in tdbiM 
I and IX raisad the questional i^t are anaerobie eonditione and 
what i« the vaXue of a redueed solution of methyXene blue In 
alb^ine glucose as a criterion of anasE«i)losist The ppooadur© 
ordinarily followed in preparing the indicator tube ii as 
follows* Equal parts of a 0«01&^ solution of the iMicatori^ 
0»006 normal sodium hydroxide and gluoose solution are itixed 
in a test tube, heated until the indicator is ocfflipXetely re» 
duoed and placed iisaiediately in the anaerobic Jar* Persistence 
of tlm dj0 in its reduced state is considered as indicative of 
anaerobic conditions* 
fo test the above questions the following experiment was 
devised* Two tubes each of alkaline gXuoosewindicator ]ai:Kture, 
using three different indicators^ were prepared as described 
above* The indicators used were methyXene feXue, indigo tetra» 
suXphonate and indigo disuXphonate* ilie oaiidati<m**reduction 
potential of these indicators at pi 7*0 is given as follows* 
One tube of each indicator was placed in the McIntosh^Fildes jar 
without previous reduction* The second tube was l^ated until 
the indicator was compXeteXy reduced before pXacing in the Jar* 
\ 
The jar was then cXosed„ flXXed with hydrogen and connected with 
the electric current. All tubes were ec»apletely reduced after 
three to four hours passage of the current and remained in the 
Indicator l0(volts) 
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m%mt9 dtariisg days inoabfttion nt S7*C« A% this 
tla« t2ie TftXven of tbe azi&fitrohlc Jar v«re opened to tbe eir* 
^e tubes of indigo diaulj^on«,te ehowed a blue ring et tl»i 
8ux>f«6e in & t9w minutes and were oompleteiy blue after stand* 
ing over night* The indigo tetraeulphonate was oxidised some* 
what more slowly, while the methylene blue tubes were still oora» 
pletely ri^eed after standing for 12 hours in the Jar with ta3e 
valt^S opened to the air» Obviously, under the oondltions used, 
i^thyl^e blue is inadequate as an indieator of anaerobiosls^ 
While indigo tetra* and dlisulphonate are more sensitive to 
oxygen It is eoneelvable that they might remin reduced after 
the entry of small amounts of oxyg«n« 
With the i^ove results in raind, the pi^vlous experlmwit 
was repeated# fhis tl'ne, indigo disulphonate was used In the 
indleetor tube and the Jar reauilned eonneoted with the ourrent 
until the dye was eorapletely reduced, (about l^ee hemrsK 
The Jar was then placed in the ineubator and observations con* 
tiimed for five days* The results are assembled in ti^le III* 
In another experiment earrled out in a sltiallar laanner ex* 
cept that the tubes were inoculated froia 24 hour beef eztract* 
peptone broth cultures, all aumeroblc tubes were negative after 
five days with the exception of two inoculated with Oltrobact^ 
cultures• When a medltaa In which 0#8 per cent of peptone replaced 
the KBffitonlum sulphate, was tested as above, aH strains acidiflAd, 
tlui medium within 86 hours, both aerobically and anaeroblcally* 
With a further experiment in irtilch phenol red served as the 
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iadieator in « glyeftroi min»r»X stedim aii tubes worm aeid to 
this indie&tor^ both aerobioaliy aad anfterobieaily in M havam 
with. tb« exception of two mlttimM of Esohegiehie and on* of 
A«r6t»6t€y» Bs^tbywl blue as th« indioator, ga-r© siuillar rrnm 
mttut With th« latter indioutors^ the oolor oltmnge oocurs with 
a reaetion t^ near that of the original medim to be vmtf 
iignifleaiit* 
As discussed in Chapter X, Braak (19^) fotiiid that his tve 
oultwes o f Baeterim were eapi^le of eaasing a ooaplete 
feiwntation, anaerobically, of glyoerol in a mineral aediisa 
while typioal Aerobsystey. and Iseheriohia laeked this ability* 
M0 has suggested that the anaerobie ferawitation of glyoerol 
by the intermediate types was due to their ability to utilise a 
l»rt of the glyeerol as hydrogen aeeeptor for the d«^ydrog«mtion 
to glyoeraldehyde of omer n»leeules of the saiBe aubatrate* 
fhe m^hop has foimd in agre«iieat with BraaJe^^ that: •4erobaetwe' 
Koheyiehia fail to grow eattensively or bi'iBg about ms^r 
appreoiable utiiiaattoh of glyoerol, anaerobieally in a tsineral 
medim« fhm intermediates^ under the ssi^ soMitions ihnMr 
vigorous growth end few^ntation# ®hese obser<7atio]3dl wei^ aiad^ 
when fermentations vere oarried out^ as Bz^aak^a tests were laade 
in flaslcs with relatively large smounts of raediua# llnder suoh 
CK»nditions» the degree of anaerobiosis dxaring the period in 
wM&h grmth is being initiated may be scwsewhat queatlona^ole* 
'ihe eatperiments reported in tSes first part of taws udmpter 
»alGe it exeeediii^ly probable that oxygen or«ther hydrogen aeoept* 
ors play an important role, at leasts in the initiation of growth 
!3f lnt«OTedtat« atraine In a gl7eerol«*miii«X'aI isedlTim* 
ateticm &• of pT^vlo aelS aoocffiipftnylng the fer«* 
mfflitfttlon of gl^ee^ol in the preeenoe of bisulphite by the eolon* 
eerogenee group* 
Imreetigetion of ^e fei*!e»ftntation of glyeerol in the p»e» 
senoe of oelcium eulj^te by a typioal intertaediate strain 
(ouiture 147) led to the isolation aiid idsatifioation of both 
p;fx>u^e aeid and aoetaldehyds from t^e fermented ligiuor« One 
and one half liters of the following mediusii 
Q4l% 2wQ% glyoerol^ 1»<^ CaCOg, 1,0% CeSOa, were in-
ooulated and ineubated aerobioally for eight days at IK)®0. k 
portion of the liquor, filtered and treated with a solution of 
4«>dinitrophenylhydrasine in 211 hydroehlorie aoid geire a 
eopious yellov preoipitate* Treatment of the preoipitate with 
6 per oent sodium oarbonate solution gave an intense brown 
solution whioh again yielded the preoipitate on aeidifieation 
vith hy^broehlorie aoid* The preoipitate was purified by Again 
dissolving in sodium earboiuKte, and preoipitating^ followed 
by erys tali sat ion from ethyl aloohol* fhe purified oompotind 
melted at B1B«@1S^« (uncorrected), and the melting point re« 
mained unehanged when mix«l with the i^^nitrophesiylhydrfuione 
of authentic aeid* iThe compound is, therefore^, 
2, 4-dinitrophenylhydraaone of p^vie aoid fixed during the 
fezTffiintation# 
lihe fraotion 
AlHAO^ire in sodi'um oarbomt« vm soluble In hot eth^X «XooiK>l« 
ReepyataXlieafcioa from ethyl eloohol gave oswige i^Nid ery^tele 
with a aeltlng point at J.6S • 166®C», unnhaoged toy mlsclag 
vital the M, 4«»dinlt£'0|^ eaylhydra20iie of aoetald«iiyde« Mis* 
tiliatioh of ft eepttpate portion of the liquor aftier raakljag al­
kaline with sodium oarhonate, yielded a diet!Hate giving a 
white cryetalline preeipitate v/ith dljuethyldihydroreeorelnol 
( d i m e d o n ) *  f h e  m e l t i n g  p o i n t  o f  t h i s  o o m p o t i i w S  v a a  3 4 1 6 a n d  
resiained tmehanged when mixed with dimedon deritratiTe of 
anthentie aoetaldehyde* 
A ttiailar fermentation inoculated with B«eheri<^a eoli 
(imlture 86) g«fe only a trace of preeipitate with 4»diaitro« 
j^ enylhydwwsoae. The ^alitative teat for jjfrmiQ aeid was 
negative# A feraentation inoculated with Aerobaoter ii^ oloigeiiee 
ga^e a small quantity of orange preeipitate* fhe quantity of 
precipitate wae too i^ all for identification  ^hut no indleation 
that any of it was due to pyruvie aeid oould he found# fhe 
qualitative teet for pyruvie aeid on the liquor waa ni^ ative, 
« 
the above results made it possible that fixation of 
pyruvie aeid fr<»a the fementation of glyeerel in the presenee 
of sulphite mii^ t serve a« a convenient method for different** 
iating the inteiWBdiates and typical Ssoheriohift and Aerobaoter* 
1?he nitjroprusaide teet as given by Simon and Pisaix <19tl4| pE»o« 
vide# a rapid and oharacteristie color teet for pyruvie acid. 
Ihe test wae carried out in the followin;g laBanerV About S 
of .the mediUEa are saturated with aiamoniura sulphate, fo this 
is added 0,e ml# of a fresh 4 per cent solution of sodium 
-8?* 
mad 0*6 ml* of stFoxig msB^nim iioXutio&« 
fh« eo£it«nt« KT® mix«t sod alloved to atmia for $0 admtos* A 
positive roAotion Is indiofttsd by s bXus oolox'stioik^ in*» 
tenae wlisn mieb pyruvio aeid is prssont* Sinozi (and Pisuac 
ported that of a large mxoslbs)* of aldel^e and ketone hodies 
tested, only aoetophenone interfered with the pyruvic reaetion* 
Fementation tests were carried out as follows« Tuhes of 
tb© glyoerol-sulphite aediTua were inooulated with a loop of a 
04 Imxac hroth enltwre of the various straina to tested. After 
ineuljation at 37®G, for the specified lasigth of ti®e the fer* 
mented medium was tested for the p[*esenee of pyruvle aoid as 
indieated above* 
l^eliminary tests with a limited number of eultures showed 
good but not a perfect correlation of inters»diate K^baracterlsties 
and the appearance of a positive pyruvic reaction# Further 
tests to determine t^e effect of the sotiree of nitrogim, the 
coneentration of suli^te and reaction of the zi»dLiuffl upon the 
appearance of a positive resbCti<m need not be detailed here* 
The results indicated that a nmdim ^epared as follows was most 
satisfactory* 
Qlycerol B»Q^ 
Peptone 0»5jl 
Sodium bisuliMte 0»^% 
10 ml* of iHBKtlar phosphate buffer (pH « 7*0) 
per 100 wlm of medium. 
The medium^ tubed and autoclaved at 1& pounds pressure for SO 
minuteSj, had an initial reaction of » 6*3 « 7«0« 
The tubes were inoculated with the stock culttires of the 
•i88«* 
group^ Ineubated at 37^0 • eaid tea ted for pyvmlQ 
fteld after 24 &nd 48 hours Ineubation* The results are shewn 
In table IV» Plfte«®t typioal Escheriehla eoli oulturea tested 
vere all negative and have not been given in the tia>le« 
Of 57 intermediate strains ^ 44 or T7^,2 per eent were pos­
itive in two days* Of 80 Aerobaeter oultures, 3 or IS per cent 
were definitely positive with an additional 3 strains giving 
questionable reaotions* As already mentioned^ 15 Bsel^righia 
euitures were all definitely negative under the sanm eon^tions* 
The results indieate a definite oorrelati<m of Citrobaeter 
wi^ the fl»sition of detectable quantities of pyruvie aeld 
under the p^eseribc^ oonditions* Further investigation might 
lead to the establishing of conditions making the degree of 
e«rrelation sufficiently hi^ to be of diagnostio value* 
Smmmpw* 
9ndsr the oonditions deseribed and with striet aziaerobiosiS|r 
none of the mimbers of the ool{»n«»a«rogenes group was eapable of 
initiating extensive gvcmth in a glyserol medium with anesonium 
salts as the only souroe of nitrogen# 
!l*he ocmionly used teohnique, of eraployi^ a tube of re<«> 
dueed methylene blue in alkaline-»glueose as a criterion of 
anaerobiosis is not reliable* 
Fermentation of glyeerol in the presenoe of sulphite by a 
colori-»aerog«nes intenai^iate culture^ gave pyruvio aeid and a©et« 
aldehyde. 
i.9 a definite bxit not a iMirfeot eofi^elationji tjetneea 
intermediate ©haraeterletlce and tfee aljiilty of meiitwarf of the 
©olon^aerogeaee group to fix pyruvic aeid from the fementation 
of glyeerol in tiae preee&oe of eulj^te* 
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Oliftptep S>oux> 
Inwtinatica^ ^ Aetioa 
ieotioa i* fhe aiuierobio at giueo«e« 
lb mXX of feraentatioxia reported In tbe oiuipter^ ttie 
jpre'S'iouely desoribed Amerleaii fype Cultiire Coileotlon eulture 
isumber 06 wee used* 
fftwi Added inforaetlon wM«^ may be gained through a periodie 
ittsdy of the oourse of a feraientation haa bee® auggeet^d (chapters 
I and II)I therefore, sutfli a etudy of the produeti remilting 
f»0w. the fomentation of gluooae by Eeeh# ooli was made* An* 
aerobioais *a» eeour^ by elonrly bubblia^j a etream of oxygen* 
free nitrogen throng the mediim during the fen^ntation* Oar«> 
bon dioxide was oolleeted in eoda linte and weighed# The resulta 
are «MiseiBl^Ied ' ir'''table I» 
laESmination of the data shovs iaraediately that disaimilative 
aotion doea not eease with o^pletion of the augar fexiMntation^ 
In the abaenoe of any farther feimentatioa of gluooae^ lactie 
and fueoiaio aoida have oontinued to inoreaee slowly while tiw 
oarbon dioatide haa inoreaeed by apjproaiimately eighty psr e«at* 
B^iyl aloohol^ acetio aeid and forjuio aoid^ on the ooHtriqpyi, 
have undergone aignifioflmt deoreases* That the continued pro-
dhiotion of carbon dioxide cannot be entirely attributed to the 
dAQarbosyiatloa of preformed formle aoid ie olsvlous# Between 
the third end Xmt analysis the inerease in ei^bon dioxide i« 
approximately three tiaes the equiiralent of the deerease in 
fonaic aoid# A part, then, of the added carhon dioxide anst 
owe its origin direotly 4r ixbiireetly to ethyl alcohol or 
aoetio aoid or to both. 
In the field of haeterial metabolism there «re few^ ex* 
perimental data on whioh to base a s cheme in leoeplanation of the 
anaerobio (KKiOatlon of suoh omipounds as aoetie aoid or ethyl 
alooholw Infestigations dealing with yeast| i^mld end smaele 
metabolism have sMide it probable that aoetie acid oan be oxi** 
dised throng preliminary eondensatlon to suocinlo aoid* The 
intermediate steps of the fhmberg^ieland aeries whioh has been 
used to explain such oxidations^ have been given considerable 
experimental support# (Heuberg and Simon 1935^^)# A series of 
reaotions by which the anaerobic disaimilation of two xaoleeules 
of aeetio aeid to two moleeules of oarbon dioxide and one mole-
eule of aoetie aoid has been suggested as follows* 
^OOH 9OOH GOOH ^OOH (jlOOH 
OEs »m OBttmOE CHu -Sa OHa 
• III 11.11 • i|iy I »i ••I* ^ II III II • 1 11 my I n' I ' 
CH» CH« CH 
i I I 
eOQH CCOH GOOH 
caos C=0 
I I 
GOOH COOH 
GO, + • 
CHa -GO# 
G-O I — *-
GOOH COC® 
fig. !• 
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lEreet «vldeno« that baeteria ape able to synthaaig# aoetie 
aeid or any t*o carbon oompotind to gueclnlo acid i« not avail­
able# Butkowitseh and Pedoroff (19S0 . ) have shown that ®» D 
l^eor S^oloaifep la oajpable of converting both ethyl alcohol and 
acetic acid to auccinic and ft^j^ie acids and suggested that 
the alcohol is first oxidised to acetic acid. Wieland arad 
Sonderhoff{193g) have llkewite deaK>n«trated the ability of 
yeaat cell euapenaion# to bjping about such a dehydyogenatlon* 
Aa related to bacterial metaboliami^ the deatcnatx'ation by 
^listel and WhetlMin {19B@) and ftuastel (1926) that both acetic 
and STicelnio acids are acti'^ted by aua|>ensiona cf 
to donate hydrogen to methylene blue imy be r«wdily explained 
by the Thunb©rs*4tieland scries* In addition, Quastel C19S4) 
luaa shown that both anccinic aM fwmaric acide are reiUlily 
fensHinted by Each* ooli« ^Ehe aaise organisms ill a«*penaion are 
cfts»ble of eatabliahing the etullibria: 
Succinic acid laethylene blue fmoric »cid leuco 
methylene blme 
i^liinaric acid • water l*-jmlio add (Qaastel aj^ ^hethawi, 
WUt  ts^lf, 19^>, 
Thus If in the face of m direct evidence {fu]^rting tim 
cisndenaatlon of aceiic acid to succinic and aubae^nent cjcidation^ 
«uffici«tit Indirect evidence csai be fo^lnd to ciake anch a re-» 
action probable and to indicate that the meehanism of <^ida%ion 
by bacteria is lauch the aarae as that involved in yeasti, mould 
and muecle metabolism. It is entirely possible that the decreaae 
la aiad aeetie acid slaovn in te&bie 1 amy hare 
due to fiome sucli serie# of peaetions# 
Xa tcible II tbe product# from tlie feraeatation of gXueose 
t>y imXture 26 as given in table I have been reealeixlated a«d 
given as moles per mole of glucose fermented# If the feftaenta* 
tion of glucose px^eeede in sueh a mazmer that ite decomposition 
oaa be explained by a eiiaple chemical elation, certain relatione 
imist hold« Bach loole of glucose decomposed mm% give riae to 
a fisced nojiA^er of moles of a given product so that the ({uantities 
sts calculated in table II will be constant. This constancy 
will hold €Kstcept in case the product is subject to further de* 
composition such as the breakdown of formic acid to carbon di* 
oxide aad hydrogen, when the sum of the CO^ and formic acid will 
be constant# Th» data indicate, on the contrary, that tl»9 rate 
of forsEjiatlon of the different j^roduots and probably the rate of 
t • t 
their furtlMir decomposition is continuously changing# tend* 
enoy of the fera^ntation of glucose by Bsch. coli to from 
a predoialaaiitly acetic acid-ethyl alcohol to a lactic acid fer« 
mentation ats shown in iNi^ale II has been observed by (Jrey (1@£S}» 
fo suggest reasons for such effects would be pore speculation# 
Hc«»everj| changed experimental conditions ©an cause proaounced 
variatloijus in the productS|> There is little reason to believe 
that the changing conditions throughout the course of the fer* 
loentation cannot equally well cause variations in the predomin** 
ating ensyme reactions* 
im9thenp point to noted in ocmnootion vltii tbo result* 
reported in tmbies I 9mA XX ^ the oonsidereblj ip^eeter <$aantitie8 
of ftoetio &eid fie e^pared with eth^I eXeo]»»3.» St has Gcsi^fionly 
been esstisted that these two oomponnds arise thiWgh a Oannissaro 
reaetion between two isoles of interaedliately fonaed aeetaldehfde* 
fhat belief has found support in the generally appreacimte 
etui'ralenee of the oeourrenoe of e^yl alo^l and aoetio aoid 
aaong ths fermentation products of gluoose by Ee^» eoli and 
the d«ttonstration by Heuberg and Windish (1926) that suspensions 
its the Sione organisms oonverted dilute solutions of fM»etaldehyde 
to equal molar parts of ethyl aloohol snd aeetio aeid« In mny 
of the earbon balanoes reported by Harden aM Orey, howeirer# suoh 
equivalenee was not found# Harden 11905^) obtained ratios of 
ethyl eloohol to aeetio aoid varying front 0«8 to 1»6* Jtlthough 
it retains highly probable tOmt the aoid and aleoSilil swe their 
origin^ at least in part^ to a Oannissaro reaotion int'olflng 
intemediately formed aoetaldehyde^ other mohanlsms mst also 
be involved to explain ^ frequently large disorepanoies* 
It will be seen later that the same culture whioh gave t^e 
results reported In table I, prodaoed ethyl aloohol and eoetio 
aoid in approxiiaately equal molar quantities vh<m feriienting 
gluoose in « peptone medium with oaloium carbonate as a buffer* 
It is possible that the high ratio of aoetio aoid in t^ first 
\ 
wjperiment is due to the high of the bicarbonate buffered 
laediua as o^^pared with that of a medium buffered with oaloium 
oarbonate* 
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StetltiooL S* •ffeot on tlu» fermentation of gluoosa* 
1% wa« ldK>ttg]:it poaait)Xe that the fermentation of gluoosa 
in tli^ praaenee of oxygan ml^t Xaad to ne« infomaatlon* Tq 
taat thia point an ^pariniant aiatiXar to that pravioualy da-> 
aaribad. was arrangad with the axoaption that the fXaak was 
aquippad for aeration* Following insauXation, the fXaak vaa 
inetdaatad anaarobiaaXly imtiX good growth had atartad whan a 
aXow atraam of oxygen, preirionaXy washed through eonoantratad 
auXpharie aaid and watery was foread tln!>QUgh the 8»»dium« Saaiples 
were ri^ved periodieaXXy for anaXysia. TiM reeuXts are eoXleot-
ed in tahXe III. 
It ia diffiauXt to interpret the results of tMa experiment 
for two reasona* fhe earhon divide determination was inoo!»» 
pletej, and|r in addition^ even by allowing for a reasonable 
yield of aarbon dioxidei, tha pereentage aarbon reeoires^ was Im, 
indicating that in the presenee of oxygen an asgpjNioiabl© quantity 
©f prodttata resulted whieh are not sa^o^o^sd anaerobioally from 
^lueoae by ]laeh* soli. 
fhe rasuXta have been inoludedi^ howeveri to ahow aartiiln 
pronotmed variations in the ratios of fii»iiX produota* 1?ha 
z^tio of aaetia aaid to etli^X aloohol inoraased rapidly throu^b^ 
out the eourse of the fezmentationt 'i*hia ratio reaahed a final 
imXue of appf<»ciaately twioa that given by the anaerobie 
faraiumtation as shrnn in table IX« The inareaaed yield of aaetio 
aaid may be due either to the intervention of oxygen aa a hy* 
drogan aaeaptor preventing the norstal raduotion of inter»»diately 
•09» 
tQ7m9& AoetftMehyde to etiiyl alo<^ol or to th» oxidation of 
noet&idoiiTde or aleo}»>l to aeetio aoid* In a^^tion^ it will 
bo notod tliftt tb« yiold of laotlo aeid ft9i:^biofiIX7 is only 
about 0B0»liAlf of tho aniterobio yield* 
Bering tiie oouree of th» analysis it was not*^ tlxat the 
neut^l distillates gave strongly positive aoetyljaethyloarbiml 
i^etions* A po3?tion of the few»ated 1 iquoj? when treated 
aeoordii:^ to the me^d desorilied fez* the deteiimination of 
aeetylsMi^ftyloarblnol gave a ssiall qi^uuitity of red preoipitate 
having the appearance of niolwl dijoethylglyoximtet Thoug^i, 
up to the pE^esent, it has not been more definitely identified^ 
there is little doubt but tdiat iraall quantitiesof aeety;tothyl« 
oarbiit^l Were produoed* Kluyver and Bonker were able 
to show that laoti© aeid baotoria^ not ordinarily producing 
aeetylaM>thyloarbinolj, form the oarbiaaol in the preseaoe of suit­
able hydrogen aeeejptors» ^ey attributed utilisation 
Of part of the available hydrogen by the added aoeeptore re» 
suiting in an aeotmlatioa of aoetaldei^e and subsequent 
densation to the oarbinol# It is possibS^ t^t this same effeot 
can ft4^eved with typioal Isc^. ooli wil& the fef^sentation 
of gluoose in the ^esenoe of suitable hydrogen aooeptors fuoh 
as the caeygen providiSd by aeration* 
In e^meotion with this point, six other oultures of gseh» 
eoii wet^ tested for their ability to produee aoetySaethyloarbinol 
under eonditions of ae^mtion ae^ were all foui^ to give positive 
rAuctions* ioaaerobio eontrols run slimiltaneously were unifomly 
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X 3U14 »209 
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4 m *S6S •SOS *400 •06® 
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f m *9^ «e^ rnSm *08$ 
9 xm «iao *IQS »?ss •086 
Two Xit©r flasks eaeh oontslnlBg om liter of as 
ussd in ti»» prsirlous mp9TismLt§ vsr« i£iooalat«d witli Esolt« 
eolit I>ttplieat« flasks wsrs inoculatsd^ one tosing inoubatsa 
anae*obleally# fel» otlisr subjeoted to vigorous aeration after 
initiation of growtJi* $lio following Aiaerloan Typd ;C\iltar« 
Oollsetlon ©ulttirss of Each, ooli wore used* 4698^ 416Sj 4265, 
4M8« 4349, and 4656« Samples were rss^oved tested for 
aeetylmetliylearbinol by 0»Meara*8 C19S1) te»lC|. iKtth eaell 
sample tests were made direotly oa the fermentation liqw»r m 
well as on the first § ml« of distillate obtained from 100 ml« 
of tbe li<|uor* After two dsys* inoubation|» all six aerated 
fenaentations yielded distillates wMoh ©ave definitely posi-
tive aeetylmethylearbiiK>l rwiotioias while tests direotly on 
tbue fermented liquor were negative* After six days< inQubati(m| 
tibas aerated fensentations gave weak positive reactions when 
tests were made direotly on tise liquor. The reaction on the 
distillates was meh stronger than on the second day# 'l^at** 
sent of portions of the liqao:^ according to tbe method^ pre«» 
viously deserib^dji for ^ deteraiination of aoetylsiet]:^iearbinol 
gave jfHasll ^^lantities of red precipitate ohsrmeteristio of tlmt 
given by aoetylae^^lei^binol* Tests cm the amerobic controls 
were uaifonaly negative# 
In an att^pt to discover the fate of the unrecovered 
glucose imder conditions of aeration as shown in table III a 
second aerated fomentation was arranged* The flask and mediua 
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aK}X« gluooae* In the later eaee^ however^ the am of laotlo 
a&d psvmit aeidi« 0«734 mle per mole of glui^e is approximately 
equivaleht to the laetie aeiS ftl<^ imdei^ aniterot)ie (^^ditiime* 
tt seesiea proisable that s<Mae information ooneer&ixtg the 
foregoing points mig^t be obtained in the following manner* A 
flask of three liters of medims prepared as in pre^rious ex* 
perim^ts vas In^oulated and ineubated aaaer^bieally until fer» 
mentation as measured by oarbon dioxide evoSmtion had oeased* 
At this time^ aeration vas started and samples vere reeved 
periodieally for azmlysis* !?he results are eolleoted in ti^le 
V* 
Interpretation of the data is soioeehat eoraiplieated by the 
failure of the glucose to be eompletely feziaented ana«pobicM»lly 
aM the resulting slow fermentation of this residual glueose 
dui^ng the following period of eeration* fhe ;pelatitrely hi^ 
yield of laotio aoid as eompared vitti the previously dieeueeed 
aeratM fex*m«ntations and its failure to undergo a signifieant 
deorease i« 8tr«»agly indieative of another souree of the pyruvie 
aeid forsfeed« The important inoreases in carbon dioxide and 
» 
aeetio aoid aiid simultaneous speduotitm in sueoinie aoid are 
signifieant« It is not imi^bacle that suooinie aeid his besn 
converted to oarbtm dioxide snd acetic acid by way of |iip*uvic 
acid* Added support for such a conception will be given in thm 
follOffixig chapter* 
Section S* fhe effect of hydrogm o n the fermentation of glucose 
by Ieo%. eo,|^« 
•106» 
la tli© ^lapter I the poeilhlllty o f the reduction of oae-
cerboa ©oaipoimde by Eec^* eoli to give foftul© or longer oarbon 
chain aeida has been dleouased* It was thotight that Infomaatlon 
with regard to this point mi^t be gained in the following manner# 
Bi^t liters of medium containing 6 gra* dibasic potassium 
l^osphate, 4 @a* of yeaet extract, 8 gm« of peptone and 10 ga» 
of glucose per liter, were inoculated with culture ^ and kept 
approxijsately neutral during SO hours* incubation at 37®C« by 
additions of 23$ sodium l^fdroxide* The bacteria were r«aoved 
by centrifugation and washed twice in nonaal phosphate buffer 
(|B «• The mass of moist bacteriaj, about 30 gm*;p was arus* 
pended in 300 ml, of the same phosphate buffer solution and the 
suipenslon distributed, lOG ml* portions in each of three large 
test tu es. The tubes were fitted with stoppers carrying in­
let and exit tubes# The inlet tube, extending to the bottom 
of the teiit tube was flttewl wit& a bass wood block for dlstrl* 
butlon of the gases# !Ose tubes were incubated at in a 
water ijath for 48 hours, I>arlng this period, carbon dioxide 
was forced throu^ one tube, hydro^n through the second and a 
mixture of the two i^es through the third* Following incuba* 
tion, the contents ©f the tubes were acidified and steoa dis*» 
tilled^ The titer of all three distillates was small and 
tically the same IMieating that no volatile aeids were syn** 
thesised« 
The reduction of carbon dioxide represents a reaction rew-
quiring eziysrgy« Though no suc^ reduction took place usvdter the 
conditions deseribed, it is still possible that the reduction 
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wKpeet m exeossof isydrogen to have Juat tlia opposite of tla^ 
obsorreS effect, i»e», it would eatuie a sJiift away from those 
reactloiJS giving carbon dioxide and hydrogen. The oxidation-* 
. . . . i 
reduction balances are, of course, high since evolved hydrogen 
could not be deter^ned under <M>nditions used* 7he mxdh 
greater value of the ratio of cutiipsed to r^tueed products 
given by the fermentations in the i^s^etence of h;^^drogen indicates 
that they have also causiNl the la^oduetion of more gaseous hy* 
drogen frcsa the decomposition of glucose. If gasecms hyd2^g«ai 
arises through the decomposition of formic acid, such an in­
crease would be expected to accompany the increased yields of 
carbon dioxide* In coxmection with the above resultsit will 
be remembered th&t Qrey(l^o) attempted to cause a shift in 
the reacticms pred<»Binating during the fermentation df glucose 
Bsch« coli by caa^^ing out the fenaentatioh in the presence 
of added calcium forssate* He expected, in this way, to 
cause a displacaaent of the syst^ away from tb^se izM^actions 
giving riae to caz^on dioxidU» and hydrogen# His resultis showed^ 
however, that in the presence of added fommte a significantly 
greater part of the glucose was converted to carbon dioxidCf 
fomic aeid and hydrogen than In its absence* 
It is possible in the previous experiment that the differ­
ences noted can be attributedji in part^^ isjerely to he effect 
of pressure variations and agitation of the meditaa. In order 
to check this possibility the following experiment was arranged* 
Two flasks of meditm prepared as in the previous experiment, 
were inoculated and incubated at 37^C* Throu^ one fersientation. 
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S» feinaeatation of xyXoso* 
It m&a thought timt the formezitfttloii of aqrloso silgpht p2*6# 
Tide eig£Lifio«nt infomation x^ei^uNling the meehaniem of eiir1»o* 
hydrate dieeirallatioa hy Baeh* eoli. la testing this possibility^ 
pSLrallel fein&shtatioas of gluoose aad xylose were set up, in* 
ooulAtedj^ iaoubated aM aimlyse<^ sisailtaneously* 27he results 
are gives ia table IX. Two oomparisoaa are outstanding i*e*, 
the v©2?y small quantity of J^ydrogen and one-earboa oom|)ouiids 
product^ from xylose sad the mueh greater yield of suooiiijLo aoid* 
' r 
The yield of suocinie acid from xylose was so greater tliaa 
that obtained from gluoose that the identity of the oosapoux^ 
was questioaed* Zsoatioa of the aeid from the sil^mr salts and 
lP>e9«ratloa of its paratoltiidine derivative established ita 
identity as suociaio aoid. 
The large yield of succinle aoid from xylose may Imve im*» 
portaat bearing i|^«^he aeohanista of its formticm* Exaiaination 
of the data in table ix shcwr timt lactic aoid has beea pro» 
dueed from jtylose approxiinately mole for laole* Such results 
are strimga^ iadieative of a primary eleavage of the xylose 
flioleoule into 3* aad @*oarb0n oompounds, intermediate 3» 
carbon ocfflipauM being oqaaverted to laetio aeidf In that oase|^ 
the other produets including suociaio aoid would owe their 
origin to the reisaiaiag g^earboa fraotion# f\»e results give 
little reason for supposing* that the suociaio aoid is foi^d 
through the and 4*oarbon cleavage of synthesised hixose i^le** 
oules* At the ss2»i timsi, they provide little basis for 
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of wliy 00 moh oore saooinlo aoid remXta from tTm 
fexusintfttlon of acyloso m eonpftrod with gluoote* Xf timt sold 
is ppodaood tl3:rough & oondozisaitioii of aootio ikoid^ it msLf b« 
that eottditioBJi during t:i^ faraMm^ation of acyXoaa %«»d to favor 
mc^ a dondanaation or to is^bit furthar dooompoaition of tha 
aoid* On tha oWaar hKadf it ia aqmlXy poaaibXe t^t aonw otiMKP 
tiro earbon oompound, payiiapa that ona aoocsapuasring tli* anggaatad 
S* tmA, S* oarbon oXeav&ga of tba aqrXoaa laoXatrnXa ia ptartioularXy 
auaoaptibia to oondanaation# 
Saoticm $• Diaottaaion* 
f&s ra^uXta giiNoi in this obaptar aliow that tb* raXativa 
proportiosa in tba finaX j^rodueta raauXting trom tba diaaimiXaticm 
of gXueoaa by Baab* ool^ ar« aab|aot to vida variationa with 
obangisg oonditiona* Vitb f«« aocoaptiona, aisiiXar aimdiaa ra» 
ported in tba Xitaratura wara obtai»ad by fara^ting gXuooaa in 
a paptona madim iritb oaXeium oarbonata aarring aa tba baffar, 
Eaat;iXta p'oourad bara^ aa gi^an in tabXaa VX^ ttllf and Mf, 
nMar aimiXar oonditiona abfiw good agraemant »itb px^ioua 
porta* Only ^aalX ^pxantitiaa of foi^o aoid ara produaad^ by* 
drogan and aarbon i^oxida appaar in approximtaXy it^hl aioXar 
^pumtitiaa and tba ratio of aoatio aoid to atbyX aXooboX ia eXoiw 
to o^* SuOb raauXta oan ba fittad vary nieeXy to ^la ac^maa 
propoaad by Sobaffar (X9S@)« Wban^ bowavar^ tba farsMmtation 
takaa pXaoa in a minaraX waditaa vitb sodina bioarbwata aa tba 
bttffar^ graatar quantitiaa of fonaio aoid aoaisisnXata and 
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^^^8# t>y M&hm eoli thgm from glueo««« Bri^neo 
tiuif; acjrlofte tmd«rg<^B r p-eliminary and 2«>o«rbon olAavi^t 
«»l tlunt ti|i» suocixiie aoid ie fonmSL STZitbetioftlly "bj eoBdi^* 
•«tioii of th» 2«rcArbcm tvmtlm or on® of lt« oonveraion pro« 
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betvoen suoolnie aM aeetie aalds^ f«i»a9nt«tioita 
of gXuoeiie vit& Adaed aoids were* 0ftr?ied oat* Tbr^ eg &m liter 
ilMlSB, eftOh eoatftiniiig ojie liter of the aHNIii» us In tJne 
pfrevioite eaeperiraentf vere prep«r«d» One wm iaoottlnted with 
Citrobnoteg gretmdii without ftarther edaitioii« To the other 
two fliyskii oiie«-hitlf per oent of laotio and eoetie aoid reepeo-
tirel^- was added before ixiootilatiozi* The flaekii wesNi ineuba^d 
aaaeroMoally at 30*0* After ten daya* inouhation^ the fer* 
mentatioue were dieoontiimed for analTeia* ^be reealta are 
asaemhled in table XII« fhe added aoida as well as the p?o«> 
duets are reported as moles per aiole of glueose feraiehted* 
"She fermentation with added laotio aoid does not differ 
si^ifioantly from that of gluoose alone* Vhen the initial 
qximtity of laotio aoid is subtraoted trm the total final 
Quimtit^g the result (0«7t6 mole per mole of gluoose) ag^es 
with that produoed frea gluoose alone* fhe relative ^ uiptities 
of other products a3^ not appreoiahly different* Fvm Vim fer* 
iB^tation with added aoetio aeidy hoveirer^ there is a signifioant 
deorease in one earbon oompoimds^ i«e«^ the sua of oa^^n dioxide 
and formio aoid* If the initial aeetio aoid is subtraoted tvm 
Wm final quantity^ the result (0*876 aole per iiole of gluoose) 
is About one«half that produoed in the gluoose and gluoose«lastate 
fei^iienfMyl^ions and the ratio of aeetio aoid to eth^^l aloohol is 
near 0«S as o^pared to a ratio of 0*8 for g:|.uoo8e alone and 
1*0 for the |Xuoos6*laota^e ferm^tation* Suoh results aaist 
i • • •— 1 
mm that aeid i&hil>l«ii ^ mmmie 
iiidtioB of thkt iieid tvm. glmo$m or tlio moid ii«s tmdtrgono 
furtljor oonvoi^loii* to s<»aft dogiNio* Th» lA«t«r oxplfmatlon 
mmB mom pfobabl#* Both 3Aetio «ikd pyrwlo aoidft aj^poor to 
ho «p3^oiot)3.7 hi^ r «aK>Bg tho p»oiEioti of tht gXuoo8«w«ootftto 
f«niioiitiatio&* It i« i»oi«iblo that aootlo aoid has hooa ooz»ro?t«d^ 
Ih pna^ti to thoso ooiapouDda throng mm» liuah sorloa of poaetioas 
at th* dioouaaod 7l»3DA»«>s«Wiolaad serioa^ 
la i^nnfotlon with tho ahot^ poasihility it vas fomid that 
a «tt«poiuiio;» of Oltyohaetoy fgoimdil |a?odttood pymi^o aoid £sHm 
iuootnntoa* tiro and a half gmm of puro aueeini^ aoid miro 
a€mt3*all««d with nodiiss hj^lroaiiilo* Tho aoXutioQ waa 
»»da to al# with 0«| molar ^Sfhato huff or {0 «» &*7)« 
fito gn»i9 of Bioiat haotoria» ohtainod aa doaor&hed Ih tlift pro* 
iriottt ohi|>tor« woro imopoiidod In th» ao3:atloa« A oontrol waa 
^smp^9& in thft saao wa^ oxoopt that m mmimf wai add»d# fha 
aiitponaloxia woro plaood in largo toot tuboa and inouhatod with 
aoi^tim at ii^« is a wator hath* Aftor IQ hotara inoahation^ 
th» OGsitonta woro roa^irod for oxaaiiiation# Boriijg tho pro^otia 
poriod^ tho tnho oontainiag aodion} auooiaato gavo off og* 
of oaz^on dioxido and tho ooatrol ti2bO| ?S«7 mg# fho auoeisato 
modlom gairo a pooitivo aoid t4Mt with aodiuat nitrojprviaaido* 
oohttol wao nogativo* fraatsiont of tho amooinato modim 
with % 4«*dimitropboii3r3h7driUBiiio gavo a aiaaXl quahtity of fallow 
prooifitato# ^o prooipitatoi aftor purifioatiox;^ wat iisidonti** 
fiod a« tha 4«dlaitrophon7lh|drasoiio of p^tIo aoid h^ ita 
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mlting point and s^Xtlng point urith 4«"dinitfo* 
^^mafVsy^tx^om of mithmtle pfpmiQ aoid* 
Section Ut ^2k» «nft«x>oblo diaeimiXation of acyXofte* 
(^ Xit#r of %lm mtditm ft« used in %im pz^ioui ^periii^ts 
in thie oliftpter «nd oonteining x^Xose in pXaoe of gXueo«e was 
inoouXated wltn Cltgoimoter Fwmdil*. Tine reeuXte oosciNKPed with 
t^»e of a fersientation of gXueoae under tSie tsmm oonditX^ms 
are given in taJjXe IV* 
A» witli th» fera^ntation of scfXose by laeh^t ooXf^ a elgnifi-
oantXy Xarger quantity of eueoinio aoid vae ispoduoed from asyXeee 
ttei fi^ gXueoae* In contrast wit& the reauXti obtained witli 
Bsch.^ eQX|L. laioee reported in tabXe IV do not sake go l^tprobabXe 
tlie poseibiXity of euooinio aeid from aqrXoee arising t« and 
-V " 
A*0e^on eXeairage of s^theeised luixoee moXeouXee* Xf pre* 
Xiiainary brealsdovn takee pXaoe tbroti#i a emd 8^dart»on oXeavage 
of tlie 3^Xoee mXeouXe^ then after extracting tise Xaotio aeid 
t^re apprexiaiateXy @0 aiXXiiaoXs of tiie three ofex^on 
produotf fliie mi^t^ in part^ eondenee to e hiseoee and giire 
euooinle ayeid m aboTe auggestedf 
Seotion $« Mft«u»aion« 
Ae tBftre a^eare to be no eipiifloast differm^ be^tween 
tiie lidde of aotion of and gitrobaeter on gXneose^ 
tiie aotifitiee of the tw aaay be ooneidered togetlier# 
In oonaidering e eeriee of reaotione or & to ex« 
pXain the steps vhi^ interreoie bat^een the earbohyOrate s^Xe* 
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its deeompesitioa products 9emm to 
at tMe tima^ insiiffioia&t «yid«ziG9 to aeeapt mnf mm of tlx* pr«« 
viousl^ propottdd selbmas at th» eoat of «Kol»diiig otlMx^i* It 
mKf ba v«3.I to aonaidar a f«v of tliese altazmtimi** 
flia laok of kiioir3.adg« x^a^upding the ^eUminax^ 
of tlie iMUcoae stoS^euXa Jaaa beem disotuised in ^aapter X« isi 
g^araJ.^ ttke^ appaax^ to be an abisndanoe of evidence iadioating 
tbat tMa firat step eoxiaiata of a eleavage into Wog S^oaJ'boti 
eompotii^ds* ^e $«ea3^oa intemadiate baa besn irarioualT poatuXated 
aa bdi!3g laettiT'XglfettaS.f dioxTaoetone^ gXyoej^io aold^ jglToerald^t^de 
or tbe phoa|ilioxT3>ati^ ^x^ivativea of tiie latter three# fo t%e 
amthoria i£p««r|edge^ no one of t^ae eompoixi:^ liaa besn leer^Ainly 
ida&tified aa arialag ttirougii tlie actios of organiM of tlie 
ooloit group upon earboliqrdx^tes* Met^Igl7<»cal lias bam identi* 
tiMf . ^sm^^v-0 as a prodaot^ of the mtlm of Eaoh« 
jiuaarooa other baoteria upon hexose dis^osptiate* (Ba^^rg and 
I . . 
Siaioa 1535)« Failure to proeure the eoapouad dii^eo'tlf from 
the hn^oae has ^een explained as follovs* Bo^ the. initial 
f  . . .  
phoifhorylatlon and ths further deeomposition of ketone sJldCN* 
h^de re<|ulre presenoe of oo*»^ui7i&es* In the presenoa of 
^ ee*en»piSt deooapoaition of methylglsmai i» laore 
rapid than its formation from the phoaphor^lated haxoae^ Ttcm^ 
aeth^rlgiioasal aoopsulatea only when eo^na^ free p^i^irations 
are used to aotivate^ alreads^ i^apl»»r7lated haxoae« Added 
support for t^ eoueeption of aethylglyojKal aa a priM'^r inter-
mediar^f' in the do'smpoaition of glueoae by eoli found 
•w# 
tn tbjQ Qt Hvubepg and (3>dB6) and Vii^taiMKa (19S7) 
ilicwtng th&t this organism oonverti mthfXg,%fox€l %o pro^ot:* 
nonaftlXf prodsaoed hf It tvom g3.u<»>s9* Ttrnt, agAiii|i 1» mt 
pro&f of it« int«zi^i&ry role Bim§ al3. of th« ot^r suggested 
intefiBedlftrles hm else been reported es giving rise to susli 
pr^^nets tfflider tJie infllnenee of Es^sda,)^ .mU* 
As disoussiNl in olMipter I, xs^re recent imrestigstions liave 
at&de it probable tbat tlie pbospliory3.Ated trioses my set as 
primary intensediaries in tlie biologieaX deeomposition of limset* 
fsing a tec^ifue siailar to tbat desoribM b^ Benberg and Kobel 
^ellnert working in tMs laboratory vith stmpensions 
ef Oitrobaeter greanMa^. lias isolated a e<»npound i^eli appears 
te be ptMssi^glyeerie aeid* Tbongh final identifieation of tbe 
eompo^nd is not eoi^lete tliere is little doiibt but t^t it is 
llstospl^glfeerie aeid« Conversion of tbe latter 9mpmmA to pro* 
dn^ts norsaally prodaoed from glueose by isofe. eoli has been 
demonstrated by Mtoniani (19l^^^i}|« It mj be saidn tli«n» 
tliat at ia»esimt tbs evidence is ^ favor of tbe e<meeption ^tmt 
eii^r phospibogly^erie aeid or ssetbylglycmal or both^ play tlie 
roie of tl» priaary iateraediifl^ in tbe dissiiailation of glueose 
by Isefe* eeJI^* f^t either ^ possibilities ima been 
sertainly ppoved or disproved is self-evident# 
tith regard to the snbse^vMmt ee^ipHii&&s of the primary 
late3«edlates* tbe alternatives are laorerJiaBMroiis* iselia eoU 
ean eenvert stetbylglyoxal to laetle aoid laid IMS) 
and to laetie aeid and volatile aoids (Virtanenn 19g7), 
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to and owpbon dloscidti lias baan ada^uatialy da«> 
iBoncti»atadt (Pa&aa md 19QX asa 
Baauita glrm in this ^mptap imd in GSa&pt&v I? 
epaaaaa in fonaie aeid dicing eaiufaa of fai^s^tationsi; 
with aiimltaiuioiua if.ncx^aaaa in th#' quantit9.as^ . of oas^on '41* 
osEida and hydrogan point to an intiiaate ^Xatiotn8hi|» batva<^n 
taia thffaa ppodueta» fha avideaoa^ p^airioualy givfm^ indieatiag 
that pymvie aaid plmpt an intax«id4iate role in tlia dissimilation 
of glaooaa toy Isoh* coli and that it oan b« daoarbosgylatad to 
aoatald^srda and eai'bon dioacida^ auggaata thia altaz^tiva iaa^» 
aai«a for tha formation of earhon dioacida* If tha raduoad pro* 
duot aoco3spfp:iylng tha formation of pymvio aeid vara ^amma 
hydrogan, tha aama a(}uiiral^oa bafewasn tha two gaaaa eoiil^ ra«» 
iultijai that gitm% hy tha daaai^boacyaation of forsiio aoid# Xn 
Mdd$tion»^ Stai^naon and Stiak^^and (1932> auggaatad tlmt tha 
hydrogan' from tha farmantatlon of glnooae jy 
not ariea entiraly throng daaorapoaition of intarfi»d4a:^#lir foraw^ 
foBai© aaldt $hay foni^ rattoar iimftmlm avidanea for that 
aoniaption in tl» '^fallaiwing faotai 
It ^ f® optiuaM far foraia hydroganlyaaa Cpi ?fO) ia , 
diffarant from that of glttooaa hydroganlyaaa iuH * ^ 
. % Sttaip<Miaiona of Eaoh^ eoli jirown In v3?a praaanoa, o-i 
fO'^^^ ll^reta hydrosgan fro® fouraatas at piS « ?#0. at- alb^mt 
tha aaiM rata as frcea gluaoaa at pii « snapanaions groim 
in plain broth do not Ubarata hydrogen from foraataa tmt giva 
a a34>w evolution from gluaoaa* lEba ratlo^p rata of liberation 
of Ijyifij'osen trm gimooa# to rate of llt)oj»Rtloii from fopiatfte, lit 
Infiaitoljr gronter in tlw 1 atter than the forjaer case and la not 
consistent with the theory of the $mm eniyae eatalyislng tooth 
reaetione# 
The velooity of the evol«tlon of hydrogen l^om a aedina 
eontalnlng tooth auto stabates ia approximately e<|ttil to the sua of 
taie're|oeltte« from the two aeparately. 
4» Ihe affinity of gluooae hydrogenlyase for gluooae ia 
definitely different S^om. the affinity of for«io hydroijeniyaae 
for fomle acldt 
In vieir of the ahove eonaiderationa it appeara i^oeaaa3?y to 
inelude in a series of re^etiona to explain the dee<Ma®^aition of 
gl«eose toy Saeh* eoli. until aore definitely proved or diaproTed. 
thei following altemativea J 
fhe initial torealedovn of the glueoae aoleeale takes 
plaee through a l^oartoon eostpcmndj^ i^toatoly methylgl|r(:^»^ or a 
S^oaphorylated trig ae or toot£h« 
8* fh&t laetie aeid reaults tvm a direet rearrangement 
of t3ae ^iaiary intewaediate or through i^edaetion of pymirle aeid 
tmm la ^preliminary oonveraion of the primary inters 
mediate* 
S« the protoabXe preouraor of aeetie aeid and ethyl 
ale^l, aoetalda(hfa^, owes its origin to the deearb^ylation 
of pyruf^ie aoid trm inter^iaediately fom^ phoiphogl^erie aoid 
or the formie aeid <@liiaTa@a ^ aet^ylglyoxal or tf to^oth* 
4« fhat ethyl aleehol »!id aeetie acid ean ariae either 
-3L3i^ 
ft Osiinizsiftro r««otion iniroXviiig the IntersuNlifttely 
«eetftM«2i3rd« or by lnd»p«iid«)nt odcli^attoa m€ x>e^eti<m of 
tint «8»« oompouxid* 
§« ST^coinio aeiS efm be f^oduced sith#? by m 4» imd, 
S* darboQ eXeavage of tl3« hexose looIeeiiXe or throntgh oonileiisfttioii 
of «os»& S^earbon ooiaiKmnSi* 
6« ^h&t eiupbon dioxide e«n arise both through 
of forsie aoid and of pyruvlo aeid and t£hat hydrogen i« libe^sited 
by soa» primary reaction, poesibXy aQO€»»panyltig the fbniatlon of 
pyru'rie aeidj, as veXI as by the deeos^slticm of foraiie aeid* 
7« the hem yield of X»oarbon eompouzids fretu«atiy meoom* 
panying large yieMs of sueciuio aeid atsy be attributed either to 
the formatiozi of that aeid by a 4« tmA S«»earbo!i oXe^vage of 
h(»c<^ae moleeuXe or to spithesis of l»earbon dt»spotaiiis to Xoa^r 
f 
earbon^^i^tii struoturee* 
S« ^%at both aeetie and sueeioie aei<iM esu $>Xsy^ te m&m 
mtmtf. the role of izitetnudiary eooixKiMs^ i»i»ler|^lxiig further 
eom^ereiofis through Bom sueh series of x^eaetioos as the 
berg-<lfieXatid aeries# 
EXuyirer and Ms @<^oX have eexmidered* the ability te baX-
snee experimentally determined ppodticts against a ®iv«a sc^beme 
as evi#»n8ing oorreetness of that sohesoisf Whe% hoveveri, titui 
Seheme inelv^sfi of tlw reaotionsmade probable by esiperimental 
evidenoe^ then su#i baXsnees boe<»a6 isore proof of the authors* 
mthestatioal ability to baSaiaee quantitative data a^nst a 
Q^ZBpXex series of organio eu^tions than proof of the eorreotness 
of those ettiatioxui* 
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til# iwgftj? fermented* «tiiyl aleoliol la Uimmb? f»«B 
e«s*o &s it tliat fo r  the am of oox^bon dio3cl4Ulii^ ftndi fomio ftoid* 
tiff theUji the daer^aa* in acetie «oid l>« to its eosi* 
vertlon to one of those |n»od.ucts we should «x:peot it to, ftffeot 
the linear relatlondhip of these fmotions tmless its oohve}*slo&|^ 
tox* oaun^lGji to a om oax'hon oosipoaM should he ftoooai^piitiied hj 
ft aiimltiineoaa ahd equivalent de<9a>eajsie in the formation of this 
ooapound ffom gltnooaet Iftttio* ereataality wottld a£>P#Ar highly 
iB^j^hahle* With l^e ves^ sotftll quantities of l^etio #oid| thei^ 
i>«sainif then^ only acetyl»ethylea3»hinoX iind 3«htttylene glyeol 
to aooomt fox* the eonvurted aeetlo aeid« In figttx>e 0|^ thase 
pi^ttdta h»v» heen plotted «• isillisiola per aole of ^X^ooae fer* 
mmted ft$ftinat miXlimoXa of fameated gXue^ae* In addition, m 
cmrve jpepSNpenting the am of aoety3aetiayX(iMu?hinoX| S^3»hutyX«ei« 
glyeoX i»d one half of the aeetie #eid is inolnded# the onrvei 
m mpwttmtit reXfttion hatveen tfoeae oommmidm and indieata 
that intafiiadiateXy fomsed ftoetie aeid has been eonverted to 
INhutyleiie gXyooX* 
Saetion fhe femaentati^ of organie aeida by ^eifebai>tjag inaOaX*' 
ojgwaea* 
taamXta given nndar Seetios X auggeated invaatigation of 
the diaaioiXfttion of aeetioi Xaetlo and suoeinie aeida by 
UOK^tme iBdolai^aMt »r«lli«iiM0P7 •ttaapli* to *»r»nt tlas. 
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bfdrogta ftoo«ptor« It i« logictaX to tka»wm tlsat in th» presftnoe 
of addod acetate |, a part of intermediate X7 forsutd maetaXdi^ yt/ll^ g 
otherwise reduoed to etls^X aXool^Xj^ hee aootismXated and be«^ re* 
dueed to the gXyeoX after oondttnaation to aoetyXoetlb^XoarblnoX* 
Zn agreeautnt with eu«^ a oonoeptlon I0 the faot that the mm of 
one half of the aeetlo aoid utiXised aikd OXMI haXf of the deoreaae 
in ethyl aXeohoX prodaoed is 0»B86 sole and almost «^etXy e^«> 
TaXent to the increased production of g|t S^butyXene gXyeoX in 
the presenile of added aeetate^ as oosipared vi^ the gXuoose eon« 
troX* there remains little doubt but that ^erobacter indoXoagnea 
is oapabXe of redueing acetie aoid to Sg 3<«»but3rXene glyooX» 
The resuXts obtained with the femtantation of added suoelnio 
sold are not as definite* About 4Q per eent of added suoeinio 
aoid was ferauinted and its oonrersion was aoe€n^«nied by siipotlfleant 
inoresses in formie aoid and S^butyXene gXyooX* It is possl** 
bXe that part of the suocinie aoid was oonverted to the gXyeoX 
foXX$ving preXiminary brealcdown to acetaldehyde or aeetlo aoid* 
Sxwaiination of tabXe III shows that no gaseous hydrogen 
was etroXired by the fermentation of gXuoose in the p^esenoe of 
an excess of acetate* fhe faot ^lat this was accompanied by the 
comrersiom of onXy about 40 per oent of ti»» totaX acetate isulded 
indicates that its redaction was Xlmlted by the avaiXabXe hydrogen* 
the resuXts suggested the posslbiXity of obtaining inoreased re<» 
duction of acetic acid by making available an excess of hydrogen* 
In connection with thi«|, the foXXowing eacperiment was arraoged* 
^sys Xiter of medium containing 0*5 per oent peptone and X*0 per 
4»X4hI*» 
oent iLG«tie aeld m t&e sodlm i«lt was inooiiXiitedl vltb 
Mafofeaetar inOolommm, lydir^gwa msm foye«d thycmgh th« awditaa 
dux>lng eiac dAya Ineubfttioa at 30^0« Tvq otiMi^ fiiuiiES^ q&c]^ 
eontainiiig one liter of the glneose^inofganio meditsa aa |a:>«irioua» 
If uaMf vitk 1*0 par eant of aoatlo aeid a« tlia eodim aal% 
irare Inoerulmted wii^ tha amm onltixre# fbrongh ona of tls^asa^ 
tiydi!N»gtn iraB fojpaadjf fc^lPOll^ tba saoond a mixtux^ ©f hydrogan 
and air duriug tiia aix daya* inontoation at SK>'*C» ^ata raauXtt 
of ttea analysis ai»« shown in t^la Iir# , fha flask eontainins 
only paptona mj&. «&Qatata mhomM good grovth tmt tlio entira 
quantity of addad aeatle aeid was found unoliangad aftar inoubation# 
tltU tisa flaaka containing glneosa and aoatata^ tiia fafiaantaticm 
of gltiaoaa «as oomplata« %a addM aaatie aoid and final xKro«» 
dneti ara givan ai laolas par isola of gluoosa famentadw 
SsciaiiSnation of tha raaults ahoira tlmt^ \mdar th# #onditiona 
uaiNi^f, ail^aillar hydrogwti aonld aot ba aotivatad for tba r^Suetion 
of aaatta aoid* caparison of tabXas III and XV aliov timt 
alttElIar f^Naititiaa o£ aoatio acid wara raduoad both in- tlai lib* 
aanoa &n& j^aaanoa of an axoaas of gaaaoua liydrogan* Appar^mtly 
mma aora aetiiNi fOf«i is inirolvad« 9tia lav yield of ^onuio aoid 
aocc^pBoring th» r^lnotion of aeatate shoim in tat>le XXX anggaata 
tbat liydrogen aada available by the daoarboxylation of fomio aoid 
isay aiHTva tlmt pnrpoaa* Zh the prastnoe of a oixtnre of air and 
hydl^gan a tmmmrnAt mtSM. Quantity of aeatio aaid «aa radtxoad 
ai^ tha reduoad prodticta^ at^l alaohol and Up 5«^utylena glyool 
ara ali^tly liwer# Altitioii^ hydrogen eould not ba datarainad on 
TmM I? 
•sm sfpegif m iyk> oxwl® oh TM ferkssf atioh gf glucose in Tm psesmcb of 
Mmm mmA'm m mtoBrntm i^ i.qqmbs« 
3.«0  ^ 0%COOH ma Bomrni Sa3.t» 0*  ^SuSaOs* 
imwmim wA m^* 
mL^m m 1 Mt«3P« 
.2aitS«t F|j»3.''O'lielmti Fdx«i« .'vjlttetyi* f«r e^d> 
amit MM MemtA atthyl'' gXjGoX 
MM M%A oaartitnol 
1. •mt .0086 looa 11.0S 
WfiSBeo  ^
^ i»eK5 au€5r 
ASjP 
l.?«8 .m «438 .ai9 97.4 1.08 
tiSmm f®ns«iit6tion«, tli© oxt<iation-j?«4uction biaaaQ«ii» 0lo«« t© 
oat In botii indioat© tslmt no, or only aaall qjaeatitiaa 
of sm90m h.y&roQm w©r« f^e«A by aeocKapositleoi of gltieoee* 
Sa^itioa 3« affaet of oaeygan m t];]^ fttmaiitatlon of gluoose 
lod^logaa^jy. 
JNiid#dlo f^alyft^a vera laaile of fors»»iitation of glu6o«« 
by j|»r^baot»r indologonaa imder eoMltiona of aerafclon* fh« 
re«ulti «2N» glvon in tables V and VS* 
fib# ratios of pirodiiota fr<»a tliao aerated femmtation are 
e 
not g^tly different timn tbose sbLOwn in tables X azui IX for 
the snaerobio fem^tation« The redt»»ed prodaots, etlb^l alo^^x, 
3«i>butyXene glyeol are soiMi^t lower and aore aeetie aeid 
aeowiXated* WMle a oonsiderabXe portion of aoetio aoid 
has tmderfone farther eonferaion it did not fall m lav as under 
Miaerobio oonditions* A nmber of the derived relations have 
been plotted in figure i in isiXXiaK»Xe of prodnots per mole of 
fesmtrnted gXmeose against gluooae fero^nted In iiiiXXIi!to3>s par Xiter# 
1^%^retation of .the reeuXts ii made diffieuXt by failure of 
tht firet ^o analysis to be eomplete* Aoetie aoid and s» 
butyXeme gXyool|» l^^everj show the same reoiprooal relation m 
iimm in figure 0 by the ratios obtained aiUierobiealXy# With 
aerationj, lytie sum of aoetylz»»t^loiKPbinol« Swbtitylflaie 
gXyool asod one half aeetio aoid does not give a oc^tioit 
value as did the eeiae mm anaerebiealXy* fable VX shows that 
the relative q,wantity of ethyl aloohol deereases progressively 
airing ths eotxrse of the fermentation* iShen to the above am|^ 
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coie of tiio mloohol la aModji ti3« funetion av shown 
in fisu3?« S hoooBtes ap^Hpoximtely XintMu? aftor firat analgia* 
!llie first point may wail to# in orrop sinoa the initial analyaia 
shows only 70 per cant raeovery# asrpaars probihl©, than tliat 
with aaration^, a poi*tion of tha intamaadlata aoataMehyda o^linax*** 
ily radaoad to ethyl aloohoij^ aecniaaulatea and ia eonverted to 
aoetylmethyloaytoinol and S| S<«»biityXane glycol# 
Saotiofi 4« The dissimilation of xylose by Aayobaofeag indoloitanaa* 
^e liter of the previously daaorihad aediuja oontainiag 8 
per o«^t xylose in plaoe of glueoae wae inoeulatel wit^ itarohaoter 
indologaaea and imubated at 30*0« for 'aewen days* the analytioal 
result# compared with those obtained from glneose txnder siiailar 
conditions are giiren in table V1X« 
seheffer (1$]^) a^iggaatad that tha auooinie a^id whioh ha 
fottnd among the produets tvm the ferrawstation of flttaoae by 
Aerobaetey owed its origin to iaterirenti<m of tJ» protein used 
a« the soiiroe of nitrogen* Xn agreesnent with o<moeptio% 
the resnlts giv^ in this ohapter show that ^jarobfioteg indoldi^naa 
grodaeed no auooinie aeid when fermenting gluooae in a maditsa 
oontaining ammoniuza salts as tha only source of nitrogen* tinder 
aaae oonditions^ howeverxylose gave signifioant qoantitiea 
of suQcinio acid« Breden and Fulmar (ldil4 have resorted suecinie 
aold as one of the prodnota of the aotion of Aerobaete|P fasgai on 
asylose* Produotion of that aeid fr<»a ;xyieae ia in 
wit^ the previously made suggestion that sueoiaie aeid msy owe 
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its origin to the ooBiHoiiu^tioxiit not of aootio aoidi^ hut of aome 
liartioularly aotivo @*oitrhon oompour^jp potsihXy the oc^pound 
arising through tho 3* and ll*oarhon elaaimgo of Mother 
interesting oos^ariaon hetvem the fermentation of agrXoee and 
giuooae ie that of the relatiira quantities of l*o«Phcm ooiapounde* 
With the fensentatione of gXueoae reported in this e^pter^ ^ 
total of i*#oarhon ooispounde approaohee two ti^^es the quantity 
of glueoee fomented* fhat ia in agreement with the ooneeption 
that the ohief produete^ i»e», ethyl almhol^ S, S»butyl®ne 
and aoetylmethyXoarhinoi are foz^ied frota intermediat* aoetald^iyde 
vhioh in arieee fr<m a primary S«oarhon ooBaps^uMla 
same ha9it« 3Eylose would he «xpeot«d to gi^e rise to one toole of 
i 
Ivoarhon oc^pound for each mole of the sugar fexraentedt fho re* 
suits in table VIXI ahov l«>earhon ocmipounds in oonaideJitMy 
larger quantity than required by the abo^e eonoeptlon* ^is 
fermentation of euocinie aoid by Aerobaoter indologe^fj ikas bt*6n 
previously d^^nstrated* CafsOsle III«) It mj well be that taie 
relatively high yield of l^oiB'bon oompoua^s from xylose^ as shewn 
in table Vlly is due to the intenaediary foriiation and subsequent 
fer@<mtatton of sueoinio aoid« 
Stotion e» i&isoussion# 
ainoe Sarden and Walpole (19<^) first d«ttui«uitrftted the pro* 
duotion of aoetylmethyloarbinol freaa gluoose by Aerobaoter td&tis 
fem^ntation has been of absorbing interest to physiologists«as 
an eaciUQple of the ensymtie ooupling of osrbcm oompounds* BardiKa 
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BXBLXOQE&FIdr 
tb«r 4i« taikadlimg Str dpti«eli iaetiir«ii 
0}S3mh iakt«yitatt C&il* 
S76^«» 
Antoalttaif €34»di<»« 
3^933b« tiber dsn AbtMi^ dfl^Ol^roeiPiiislbSNi B» Coli 
B. Imtu ««rB«n««. Biasiim. z. jgj, sao-asa. 
AldWl, B. 
X9IM# Sui* aAtftbeXim i^d3M»M«n Sft I* •eld* pfruvitt* 
d* 1ft Soe« Chlau Bia» 86e*89t« 
A^#3.» and BwXmhmtmf i* ^ ^ 
l^ftEii«»i At 3Jt pi^tietien «vgt d«p«ii8 
da gfueoM ]^«F bttsili* Soli* Otm^U Stiid*, 3188*3186. 
AvCbmlg E '^ md siaab«r%«iif 
signiriQ«tioii dts^produits d9 dftdo^Ieiwat 
dm* 1« OoXi mm. dipwus du glmose* Htnd* 
J.7Q4»H86, 
F« m& Z«gli% H« 
191^* B«i.tx*ll^ mm Iftimtnis d<$^ ph^sik* 
eiMWi®. 3>03» 161^1T7» 
4|«rt» B«E* and P« |9I@« Sistt3.t«i!i«9ti« «old md a3.k«lla« l)«0t«ria3L r«rsi«ntfttiofia 
ftoia diiXts^s# md tTm 8«3.ta of 09?g«iiie iiaid« pvupaetimly* 
liifaQtioiis l$8»illi6« 
M* aad Styl«, D,W,a* 
1»8$. Stability of tfe# aoatyX radioal^ Satwa, im» 307*808, 
* * •fwpiipwr' 
S^paak# H41B4 |9@S» <^ar«o«Mas#a o?aar ?«i»gl»tiag vma 
' W«]@«'tt»'iii«aa* Dalfl;# BoaxiMKlf 
^ady. %i. 
it3.4* Satanainattoa of earboa in atatl by tb* diraet aoai* 
buation Biathad# Chant 
Bradta# e#R» and F^araw*- St2» 
ll33.« TbA oJianlaal aati<»:i of .fca»gfciit«p fiwuii m xy3,oaa and 
a^^sa* lova st«tia Coll# ^I?TriSS2I®i» 
Bmakmmmg M*c» luad OtB* 
1993* 0xi<(3ii%ieai*z*i4uetioii 9tudl0» m tlie 
glyool *• «i»oty3«ttter3,oftf^iii03l syst^ in « lomsitAtion* 
fi>oQ* Sdo. lxp« BM* Hod* ^ U46.n4^» 
BfoekottusQ. M»c« 4JS& Wo3»toanj| C«S« 
193$* 0t Il#3«lmty3.ej»» giyeol In 
Zsid» lug* Gh«m. Bd« «06*807* 
ii^&kiaaim« M*C* 
WM* OxidAl(ioii«2p«dii0tl^ in tii»"dl.«iii»ll.«%l^ of glizoooo 
%f «pooi«8 of tiM gos^ trupiisiiiiiM 
Xovii Stato Oo3J.eg«ft 
%u*^yi £w A* 
Id^* ^ fomontiktioii of oosmstalki and tl3#iz» eosntit* 
2«»a atato 6oll« 3oi» ^ S?»3lOQ» 
W^« and Fodox^ff^ M,W* 
d£« Voyliilt&laao mlmeSmn 
fmtiap  ^ vm& Qat«JUiiii:po in d«:i Sitlturoa von liaaeg atoa^ifap 
^ oiiiig^ andox^ Piiaoa* Bioohara* i« 
Butkwri^efe# w.s^ and Fodo«>ff, M.t» 
id3%» 9l»or dio JC^ylalkolioia in dan Knit* 
' tx9«n Iteiioy atolonifoy* Bio^iaa* %» a^« X0$^lS3.« 
Oocdic l*f« and at«]^im»on« H« 
Bao%a2»iai oacidationa ^ oolaoitlar oxygon* fho 
«#x«bie (xKidation of g3Paoo«« smA ita fatwmtation 
di»ota in its Isolation to tlie Tia1>ility of th» of^gmiMa* 
Bioohim* ^ S868«W6« 
eook, BtPt 
M3« Pmirio aoid in bftotoriaS. iaatal>oUasi«i Biooliiis* 
Iifte«W7* 
PFodnetien of t^imotiiylono gXyooi by famo&tation 
a «y«ta»atio atudy of tbe ox>gaiif^ inirojMrod« Bn* jj^iiiOiad fhaaia# lova f%ata Oolloga* 
I5ii3P»eiM|3Plt w« 
Id^l# Xool^laimui tmd Sinotik dor Aoyioinbiidong l)ai dor 
2# jljyaiol# Ml* 4?«T7« 
l^^on. 9»« lantioke. asd l^paft^p G# 
ibor dio XatofaodllbNn irop^uog boi dop aiykolyaa in 
di(»p JiuakniatiiiNi* XIia« Wo« '^0£ir« 
Wi»0!WVt F«^ ld«8ke. E« and 
I.9SI* Bi®loglaolk&. 1 Mt 
IMsotStmg d»8 Bi<»#imt Z* M7^7« 
Fi«eh«i^» W*g M* aod |§iS« Biologic^ II UtttiXtmg* 9ba:p 
,di# Biidimg vm £««igiMltuN» bti d«r MeJ^ogis^um tlm* 
ai«t«iiiig ^ir0ii Eohl^mf^d; wad K^«tuiiaif9 adt Waaaes^stoff 
mt ISathan^. Blo<tiiea» B* jgHg, 8*15* 
!#&• a»d Pataacaoa. W*a« 
^ 29^* $h« fexttanlatioQ of aeyl9»a i»jr baatas^ of wm Aax>o» 
Id 1 -
l^aaaaaa« M* S89«S49« 
ganaat papatypltoid b« an t:2n^i4 g^fmpttm liifaatimia 
ll, f ~ ^ 
l^tad4»aMm» t«S«A isid £is^Ui21« A«X# 
Tm of laatio aaid* #» Bias.* Otaoi* 
Mi 
mmiff ti«Q* da» and I^airTa, A»t« 
291^« Baiti%a mr Sasmtaia dasp biJctariallan 0tamg«af 
ina^ad&dai^a in d^ 0^ll^ys^mMgm.pp$* Bi.oaham« :S* lsi> 
atay, i»c» 
p2»0dttetlQn of aaataldaliyda d«»>tiig tlia anaai^vie 
faxnantatioa'of gl^aaaa toy Baalllna ooit aaaBiaiiiJi (gaab»Fieto) 
• Siogb^. j* 2# ®S9*IJ63* • 
omft iiG» — •• -
291l4a* ^ daeoQ^aition of foTiaataa by Baaillna 
ifflsiia* 1^0* Roy* s©o« Clii!»!»dU»i)» B. gjJwlCTn* 
Gray, l*f 5 
^ 3dl4K* fisa anxyaMi irhleh &ra oonoamad In tba d«oosq;»oaition 
of gluooaa and mmt^X by Baailltta eali aomaatg. Fx^o* 
Boy# Soo» (tendon)* B. 87, 
iif^yt i#c# 
> ^19il« anft^nnaa oonatx^MKl in t3m daa^^aition of 
gHnaoaa iiMnnitoi by BaoilSaia ooM aggmals* faip« ZI« 
iitpMrtfiianta of alaort vltm im wmSIlH of tiiia Q«)^iaiiiaft fi'oe* Hoy« 3oo« CXiondcmK B« jj^ 
dray, i.e. 
0 Wm ansTffiaa o^asnad in tha idUtQ^9i|»oaitii@a of 
gliieoaa and mmaS,M by WffMtf tir 
irmH.oua sikaaaa in ^ dft-ai^i^^jiiUs '^^ f '$wimm' by an ara* 
^ion of tha os^aniM# froo* Soy* Soa« (Hcmdonl# B« 
1^ 98*106. 
 ^ |i^0« Tho of B# aoH ooanataia wM9ih mim Qonoowmd 
in th9 d0eompQ9itim o7g!Mwl6ae"^amMmlt6lw PMFt IV* 
of g}»9o«e in tls* ms^ae* of tomde 
«9l4« fx>00* Hoy* ie#« <l#Moii)* S# 
0»«y^ 1*C« axi4 Touiig, B»9# 
- 1^1# *m^pa»9 of B# eoll ooBEattaijtii An* 
A®j»0bio folMMToy iim«3k>i3XO ii»4 AOf^ble f«y-
!B«lltftti01l9« fro&t, Hoy* Soe« (SiOQdO&lf B« 1^ ia&»3S0« 
®wiyi Bt0# 
3;^I4» tHe 3»tont fofm^ting ponox^c of bftotofin* 
fi>QO« Eoy« 3oo# (l0a(dtea)» B* g6« 186«>lt0» 
aw# ®tG« 
.I9e8« fli» niTgaoa of .BAiBiiliii mM «qf|my|tf ^ 
!Boa«« m »M m mr%XlSmm3^m vmst biPiiig 
•fiaorobio 4ooomp^iti^^ of gzuooio* Pvoo* Eoy« 
ioo» (X«aS<m>. B, 
>  ^ jbi^|.« flm oliomiOAl ftotion of Bm&illvm ooli 0-0BB«ffy^tf • Ana 
SisdSftP os^ssbImui on 
l» mmn, soG* 
4* 
1?bs etifflad-oel aotiion m glBoooo of tho l^otdoOi-fftro 
atfitSiig Of|;iai«Ba of m fft»9««« jT* lyg« §g 4B$*0BS* 
mfii Gbmdml dotlos of BAOilliMi lAOfeia 
pyj^) oa giximm «a<l iv^ciNi^otidei ^ 
SlgFro and ftootylootliyioArbiiioi* Fx^o* 1^« Soe»d^EmOon)* 
B* 12, 
StoMon. At, 
toi«« ?o^« ond Pz*o«K»uoip(« 3niiM»ti^ foi^ oorta^ 
iMlotoriA. Proe, Roy. Soo* (i^udoa). B, 
8c^oii| A« md mrria^ B&rothjf 
W$M* fbe baatOrial ppootiotloti of ft0«ty2ffl«^biy^0«^l3iiz^& 
isd @.$wimtyl.9iio gXyooX fipm rttrl&m fx«o« 
Boy* Seo» (lioadonj* B# 498'*499« 
A« i»id PoafoM^ V«J« 
V i93yl« flio ohftBioal AOtiom m g3.iioo«e of m imrloty of 
" jmsm. «> pl^SOaOO O* A OQlOilPOfiMM-IMIvO ]rS>00« Soy* »00« i XODdOlOl * 
A« 
i9$@* AX^ohoHe 4tli* M« Lotigaosuiip 
m& €o* Iiondoa* 
Barden* A« 
Heir ll^t on th« of aXec^lle 
Imt^  Bmiiis« $44*64e« 
iwltt. L*f# 
Bii4it«riikl metmljoliflffli* X* lAotid »eid 
t>y li«w©l3Ptlo g^ptoQo^ei* 3%»chm* St# aO8«0X7« 
Soimm&M Mfjr*! w«s, ind f3p«d« b*b« 
3^1,* Oxl^Rtlmi <u»i wwdrntlon zHilnliloxui t>«t»rft9ii 
mid pi^uot# In tlm f«rai»iitfttioii« 
Biol* ||» mhS9X* 
Kfljpeaas, JU 
l9M« tb«r die ¥er|^bnsig S«r B«li« 
^ri«n* XI* Z« 317«itI9, 
KftX*«Si^A £•« and BX«e» 
3iS0« W30V 4i« v«z*gtrang d«p dnipeli BfOc** 
XXI« Bieol^«Z* ^0*384* 
IlUEHslMtgl lU and Sohiff^ S« 
MIS* tb«r di« vax^famng daz* Br^ati*i»b«a»lt»Ni dteo^h Ban* 
xir. BiQtfiueM* 
and DoaiEar^ 
liS4« Tha foimtien df aaat^XiaathyXdarbiiiQX and 
£Lfml in t»Tmmt^ %im of a i^gas  ^ \ff aXa<i&i»X yaaiita tm& 
ma Xa«tia aald baata^ia# Fs^a* Aaad« 3ai« Afiui%a2*#im« 
E2»fvar» A*f«, P^iikar. md Viaaar*t Soeft* F« 
X^aiS* tf%>ar dia Biltaag AaatyX»atl^XaaFoinoI usd S«3«* 
1mt:r^aiia gXsrQoi in 3t0ffvaei»iei dai* Hafa* Bloc^m# Z« 
III, m»878* 
XXui^ai^^ At#« and PoxOtar^ 
^NlNit# f]»i taait7 in tba i^miatr? of tlia faximtativa 
•Qflpav diaaiMXation pwaaaaa of mierabaa* Froa* Aaad* 
sdu ^%ardaxB« J||| 897«9i&« 
t3sxrf^ § ^xtlEap, 
im* Qia Eiahait la da^p Bioabamia* %aa« SSaXXa* Omraba* 
3Ld4«>X90« 
XXurrar. A* J* 
IfSX* fha «li«aiaal aofelvlfeiaa of miasfCNKsygaalsaa, tTni-r# 
lmi4x>n Pf^aa, l^ad^ 
KoatirteolMnr^ s*. w« tmA niimah^vgg F« 
^3d« Bi.x&m$ rmi  ^dw Kllehititeieee 
gimig* a# Pliy»ial, CSl«B» 188. 127-132. 
tatammi 
fb«r d£« Bildmtg i«sd AiLfspftltimg iron Plioii^ovirtbi^ 
in dop lautkolftto]^ lit 09$9mmv% vtm OsmXmt* 
Qltmt vm& A7««niat« U IS* ^e4«d8&» 
s«7«]4iaf. @6te« . 
Xll^* XatOfnoAiAto ppeia^ts tltt oi* 0«P1)0« 
Itfdinit* i^s^iOeSoim in tbe of saiseX* imd in &!«• 
d^Xie 18f, JI37«*iio* 
Kio»»iing, 
19^11 fb«r dws AulmtMa d«n ^ats d«i* ii<^3.7«e«api»* |ilo»pl^r«iaF« dws •ziai^tisebiKi Sollltillk3r<tP«tNl9«l.t^ 
iiO€ijy«a.Z. 40»7i» 
SEi^f^f. 0« ^ul M^SfM9t)bii2>n« &« 
3l9iS« AiiAor^bii Bll^ioag tii^ Soisw^iid iroa 
in dor MaslcitlAtai^* Bioohan# Z« 
^itiMion» Xi*S« and WtOker^ |906* fh« imifiofttiosi of rodaoing ftum aot£iiid«« 
1, Ant* (mm» aoo» 66aMdd, 
irOUtKSX'g* C«S»1* 
liM# Sua Voi^lton d«]p «^Soto»lbix*«i su 
I XittoiXimg* IXio F«u3jrii»~Ton Br«iiit7»al>«tictar* «gid Oiuil«» 
•«8ig»iuzNi, Biooliom. S* 90*301* 
UttiiNtrg. €t and Etlnfui^^ llsn* 
Iil9« 'Sim Feitlogmig; d«x» A3l^^th3nd««tof« b#i doi^ • 
mm ^Iratigt lln •xpos^tawaftoxa.or d^ 4<iMt«3.do^r^ 
f1b«orlo« Bloohest Z* 
0« and Hord« F*f« 
1^X9# Aurondiiasi d  ^Abfas^pttliode mat dlo^yc r^iwigftniiig* 
2« AoataldoHindo Ziriaebonalmfa boi d^^ von 
UMilt «iiid <lX70«i»in d^Pi^ aoliL dcup^ 
dap Hialtr ^md daa 9aiMi^Muidji«« mooiiiai* '^'^ : 
X67, 
S«iH>«3Pg» G, and llOJfd, F.f. and mitt^ 1* 
S9^« AaataldahTdt aJla Si^elianatui'a b#i Itox* TatgBitiiig von 
wmimp It Bio^ iaia* a, jH, 144- iso. 
Haiibapg. G« Hirai^t ^Infupthg s« 
P8d« Dia dx*«l fax>|^t3ntiig«fox*iaaii daa Suokara^ i2ira 
WQiSL Bllnss* &iooh«a« Z* JSir 317*333« 
K«iibd^l 0* and Simoa^ B# |9S6* Sozmtnift d«r bioeh«iaioh«n Ao73.Gl&»]^tl!O0«« 
Vltl MittUiiung ttbdP Carboligns#* Bioehem* 1S^> 374*S78« 
Ho^bergf C« nM dopx*! d« 
i9S&* d«n Mec^«nl8ii!a« diip Milehsliirebildung b«i 
Bakt9ri«n'« Bioel3«m« Z* 16^. 490«49&« 
l«Qbei*g- e» meid Windisebf F# 
i9SS« fbOF die Iftsigsimsg mod die «b«al»eli0» 
dev lsftigb«ktea?ie»t« Bioohetm* Z« lj66« 4&4«4S2.« 
H^berg. 0 # ftM ^iaicmf K* 
i9S3* w«r eheiai»oii« Vorginge ttzid fXber energetiscbe VeoE*~ }3iltni8s« belm fi^cloXogiselMin Ab« tind llMb&u der Kc^eii-
hydrate tmd ilxper Spulttrngspx^dukte* li*gebni0SQ loisyass 
F0r0^# ^ H8»138» 
Neuberg, 0* and Simony £« 
1933 « Abbaa dar Die Biiu&oydatioii* Oppazi!H»iiii0p*0 
Haadmah d«i> Bioahftole dea UiviatQhm nnyi dear Ti«pe» ^alte 
Aujflage« Ergttaiamgavark. Btiii 1« d29«9l^« Quatav 
Fiaaher, Jena* ldX8« 
Heubarg. 0* and Eobal^ M, 
1933 • Abba^u dar Zuokar« OppanhaiiiMHrta Handbucli dar 
Bioabaala daa Manaalaitn tmd dar fiara* SSiraita Auflaga^ 
1. pp. 904^18. 0«.t„ 
Heiabarg, G, andJs:obal. !'• 
l933|i» 0be3? aiyoaplnalujpa'^ ono-phoaphoiMiture# III littMl-
uag* EboaphogXyoarinattio^# Bioeham* 2S« 8Mi. 4@6«^€Pf 
Oiaated, w.H». iMtakap, w»M. and r>ttdan^ C.Wt 
1929. Staam diatiXIatlcm of tha lotrar fatty aeids from 
a aattarati^ aalt aoXution* J* Bi#X» Ohen* }.09«13.4« 
O'laara, R#4«0# 
1931* A slmpla, dalicata and rapid method of dataating 
tha foraation of aaatylmtiorlaarblnol by baetaria faiP-' 
HMintiiig oarbohyd»ataa« Pa"^# Bact* 401*406« 
Oab«um« 0#L«^ Woody H«0« and Warkman^ C«M* 
1933* Dataminatlon of formio^ aaatie and propionle aaida 
in a aiatura# Xnd* Eng* Gham* Anal« Id* ^ S4?«^0« 
Oabwn, 0*L* 
1934* Production of butyl and laopropyl alaohola by far* 
aientativa proeasaaa* Unpabliahad fhaaia« Iowa State Collegaf 
Pftk«8« ma& W«B* 
Thtt b«<it«piA3. (I«0(»ai)eflitic»ii &t -Mid isafeo 
e«r)»oa dioxld* and bgrtli^c^aa* <r* Ch«Bt« ado« ^ a36«»3dl« 
X9IH* INn tli« fenMntfttion of uBicitoftt«d diearldoacyHd 
A^iast Bio^»Ra« 3S  ^ $35^0* 
^uMtrntm J«H4 «ad Wmtammf M«S« 
X9t4> flM •ftiililiipl* doiitting b#t»&eiiL aueolniog Itetrle 
«iii isalie A0i4i la tli» ppMtzid* of sN^ftiag 
Bidohom. ^ 619«SS4« 
Urn fttid Wh»t}3«a« li«D« |y^« iooB of TMtifig in a^ftlntioa 
to miMreMe grovtli* Bioob«a» S* 3e4»S17* 
8itd Wh*tb«8i| M*D« 
mlB* Di^li|riP0g0ii«%l<»Mi |a*odixe«S hf z^ting I* 
INl^r^gonatiozui produo*^ by siting A 
of tbe mMiimmimm of OKiiAtioni anid pwateiotlims in 
irivo» Bloohom* M# 
Qtuii%o3.A }§^« of imotoriftl «otioii» fs^iu»« I'ftx^ftdtiqr 
S0O« 
Hlo^nbottom^ W«^« Umalej, H» mnA Timi^ n* Am<^* 
II^Qt ^tio prodaeti of tho t'Aeotoiioi awbat?*! 
ffaa^tfttiott of ea^boh7<ii«t« smtori*! with lipooia^l 
t9ipmm to «oaio of tho Sntoznao^ftto «ib«t«tieo« pj^iood* 
J* ^ m<»963.# 
3^l»* &• SaikowoFgioting door Bftotojpiixi dor OoXi«*^po#p« 
MoixHKMk* Bolft^ Holland* 
aad fifi«%li* ^ 
I9d4« fur la oEnrftctorisfttlon «t dosnge d« potito* 
tumititOB d*aoido pfinnrlq,uo« BiiHotln do I« @00GMa« 
Biol* ^ 
Siia9% B* and Boabox'gA C« 
I93lr* Qiuuititativo BOftlanuig von MothylglgrogniS,* 
ti>a»b«£iaitiOF nobat AAotaldiaiiydo fto imd la wdsoli 
•ovio gleiolitoitlgo Boatimnag voa MXoinrtiiiMR* tm dogmart 
dor gonazit^ Stoffo nod in oiaop llatorial{a^<^# Bioob^* 
a« 479«4i4, 
@#1^1 Ogbamf 0«X.» aM QtE» 
l9$4« %i«iitltftti*re d«%*raixi«tioxi of anetom «ad 9^3i3rl«t 
Imtyl fiad fO-Qohoa* in f«x<i»NEi^ti.<m 
Aaiiirst# 
atftlilyi (l*3U and W«7kBMzi|t 0 »S« • |99&« I^^^rniafitloii of S^lmtyleae 
H^om  ^QmrnsmimMS^n* 
JUPSe# fli9 f«t« of Ad«t;faafttliyloarl>i»^ ttud diaeetyl in 
dikllPy pP0dBi0t9« Accepted for pub. Pi-'oc. la, Adad, Sci, 
St»]^i»o&^ if« 
I9^« On ^likotle A e«ll tme emsm pp** 
&btftin«d fiNim b«iet«rift* Bioolitiiu 3m S&* 4QM14* 
1930^ si«tabo3.i«itf Loagiffiuit^ ajN»«ii imd Oo« Itfmdoa* 
St#gbtfiiiuiO% M« and StielElandi L«Ht 
1992.* a7di?o0#»iui«i A baotefial ansjoa aofsivatii^ aol.4N* 
omXax* li7^og9B* BiOdli«m» jr* ^ S04«4lli« 
13« and stitielasd« £>• S» 
lfdpog«ia.7M68« Baot^riaH aa^pttii iibomti»s aoXo* 
l^fdrogea. Bioeliaiit* 
M« aad Stloklaad^ X»« H» 
' SfdJ^goaasa IXX« Bit baetoriaS.' foxmtlt^ of ssethaao 
bar 3p«^Uon of W 
dt^nt Btoobam* f• S^ iS3.7«^?v 
SMekland* Xi*H« 
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